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PUBLISHERS' NOTICE. 



In offering the present edition of Perkins' Elementary 
Arithmetic to the public, the Publishers desire to call atten-* 
tion to what they deem the peculiar merits of the work. 

I. They regard as a prominent feature of the book, the 
presence throughout of the distinguished mathematical mind 
of the Author. It^s not everything labelled ^' an explanation," 
in an Arithmetic, that brings recLSons to view ; nor every opera- 
tion marked an " analysis" that reveals princfylea or essential 
relations. There is still a ^' lower deep" where the ground- 
matter lies ; and tiiis we think Professor Perkins has ploughed 
up. The examiner may select, at random, proofs of this radical 
excellence. 

We, therefore, believe that the Arithmetic which we sub- 
mit; is peculiarly adapted to discipline the minds of those who 
study it,^ in the science of Numbers, and to advance Ihem to a 
higher level of intellectual capability ; in short, to train them 
JUly for advanced departments in Mathematics. 

We are confident that the present work will maintain a 
longer than usual hold on the interest of both teachers and 
pupils ; for it is not, like a cistern, to be exhausted by a few 
drawings, but like nature's reservoins, it has the fountain 
within itself. 

IL The Pubfishers would present as another excellence of the 
book, its freedom from minute j'epetitional details which cum- 
ber a page, and obstruct a pupiPs progress. It is believed 
•that no principle is left unelucidated ; and that new light is 
thrown upon many, heretofore imperfectly illustrated. It is 
regarded aa^no toall merit of the worVi^likBX \\. ^"^a -wcX %si 
dilate. priDciplea and cramble reaattiui ^ \o ^t£«i^H ^^^^"^ 



[y PUBLIBHERfS' NOTICE. 

power or obscure their clearness. There is such a thing as 
debilitating a pupil's mind through excess of illustration ; as 
inducing a passive reception rather than an active grasp of 
truths. It is with the intellectual as with the physical system. 
The digestive process would be less complete, if he who eats 
should be deprived of the action and the relish of chewing and 
swallowing his own food ; so a true digestion of knowledge 
requires that the pupil should masticate his own intellectual 
.aliments. We tl>ink Professor Perkins' book is happily adapted 
to secure this result. , 

III. The general arrangement of the subjects treated is 
thought to be philosophical. Those are brought into con- 
junction which are relateid in idea. The subject of Fractions, 
of Decimals, of Interest, of Partial Payments, etc., will, in 
their perspicuousness and their thoroughness, commend them- 
selves to the examiner. 

The subject of Proportion and Ratio is presented with pe-^ 
culiar for(\e ; as also,, in Equation of Payments, the method of 
finding the Cash Balance. 

IV. The method of Extractipn of the Cube Root is greatly 
preferable to the old method. It is far more concise and more, 
comprehensive; saving nearly half the labor, and being ap- 
plicable, with little variation, to the extraction of all ro^^^ 
The new method is fully knd beautifully explained in t) . 
work. 

V. The properties of the significant figures, and the use of 
the zero, are, we think, philosophically and concisely pre- 
sented. 

VI. Lastly, we may say, no subject has been omitted on 
account of any inherent diificulty in elucidating it. 

The Publishers take pleasure in the appearance of tha 
Book, which certainly invites the interest of the scholar. 



PREFACE. 



It is more than four years since this work was 
published. During the whole of this time it h^a 
been in constant use under my own superintend- 
ence; and, consequently, I have 'had opportunity to 
ascertain what were its defects, and wherein a differ- 
ence of arrangement, or pther modifications, would 
be desirable. I haive, also, consulted experienced 
teachers with direct^ reference to the present re- 
vision of the work, and now submit the result to 
the public. 

I am confident that great improvements will be 
found in the following particulars. In the state- 
ments of properties, relations, and principles — ^in 
the phraseology of definitions and of Rules — in the 
methods of illustration— in the order of aitange- 
ment of the subjects treated ; indeed, throughout the 
entire work. 

My object has been to be concise; yet lucid ; to 
reach the radical relations of nubbers; and to pre- 
sent fundamental priltjciples in analyses and exam- 
ples, that shall leave nothing obscure, yet that shall 
not embarrass by multiplied processes, or ehfeeble 
by minute details. I hold to the idea that a sufili- 
ciency of illustration to lay open thoroughly the 
subject treated, is all that is desired ; and that what- 
ever is redundant impairs the force a? v?\\a\.\^ ^^^'k^- 
tiaL Both teachers and pupWs y?\^, «i^ \ ^j\^^^^3fc 
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benefitted by thus leaving them somewhat to the 
act >n of their own minds. 

It is not easy for me to specify points to which 
attention may be directed. But I would suggest, the 
definition of the values of Figures— of tne Zero ; 
the illustration of Subtraction; the general treat- 
ment of Vulgar Fractions ; the introduction of 
Decimal Fractions before Federal Money; and of 
Duodecimals immediately after Denominate Deci- 
mals ; the whole arrangement of Percentage and 
Interest ; the method of finding the Cash Balance in 
Equation of Payments. And last, but not least, the 
method of extracttfig the Cube Koot, by means of 
auxiliary columns. To this method I ask the atten* 
tion of teschers generally. I believe I have omitted 
no step^ necessary to make it perfectly intelligible ; 
and fo;* conciseness and beauty, as welt as for prac- 
. tical use, it is incomparably superior to the usual 
method. 

Throughout the entire work many new examples 
have been given, which have been formed with 
much care, having the difierent parts so related as 
to bring out, when solved, exactly the principle de- 
signed. Many of these questions contain statistical 
and historical facts which it is desirable for all to 
know, thus giving an interest to the questions which 
they could not possess in an abstract and simply 
numerical form. 

GEO. R: PERKINS. 

Utica, JIfflrcA, 1849. 
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ARITHMETIC. 



Article 1. ARrrrarETic is the science of numbers. 

The operations of arithmetic are performed bj the aid 
of five distinct rules, viz.: Numeratiofii Addition^ Subtract 
tian,Muhipiication, and Division. These are usually called 
the Fundamental Rules of arithmetic^ because' all other 
rules are founded upon them. 

Wbat h An'tfamerie 1 How many distinct relei has ft ibr its operation 1 Bepeil 
B^taea. What an tbeM OMially called 1 Why are they m called t 
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NUMERATION. 



3» Numeration e^lains the method of reading written 
numbers. 

Notation is the wfiting down of numbers. 

Various methods of notatioil and numeration were used 
by the ancients. We shall content ourselves with men- 
tioning two, the common or Arabic method, and the Roman 
noeihod. . 

In the common method ten characters are employed. 

These characters when written are, 
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When printed, they become, 

1, 2, 3, 4, 5, 6, 7, 8, 9, 0. 

Tbey have the following names : 

1 is called One, or a Unit, 

2 is called Two, or two Units, 

3 is called Three, or three Units, 

4 is called Four, or four Units, 

5 is cAlled Five, or five Units, 

6 is called Six, or six Units, 

7 is called Seven, or seven Units, 

8 is called Eight, or eight Units, 

9 is called Nine, or nine Units, 

is called Naught, Cipher, or Zero. 

Each of these characters, except the zero^ is c^allM a( * 
digit* ; and the first nine, when taken together, are called 
the nine digits. 

Any digit is called a significant figure. 

What it iiumeretion 1 How is the conindn miethod soroetimei called 1 Id thii 
method how qtauy character* are employed 1 What are the namei <tf these obai^ 
Mten 1 What are called digiU ? What tt a significant figure % 

3. The significant figures have unchanging values ; 
that is, they always represent units or ones ; but the units 
which they represent differ in value. 

When a significant figure stands disconnected from 
other figures, the value of its unit is called its simple value. 
When such figure stands in connection witli other figures^ 
the value of its unit will depend upon the place which it 
occupies, and is therefore called its local value. 

Thus, in the number 3456, which consists of four sig^ 



* .Pyom the Latin, digitua, a fing;er ; because the ancients ueed Xo do iBhftVt n^JMr 
«• their Bagem. Origianlfy 10 wm also called a digiV 



nificant fibres standing in connection with each other, 
each figure expresses units ; but units of different values. 
The right-hand figure, 6, expresses six units, whose value 
is their simple value ; that is, each luiit is a. single one. 
The second figure, 5, expresses five units ; but each unit is 
ten times greater than each unit of the first figure ; there- 
fore the 5 may be read 5 tens, equal to fif >y units of simple 
. value. The units expressed by the third figure, 4, are ten 
times greater than the units expressed by the second 
figure, and one hundred times greater than those ex- 
pressed by the first figure ; the third figure is therefore 
read 4 hundreds. The last figure, 3, expresses units fen 
tXE^s greater than the units in 4, and one thousand times 
greater than the units in 6, and is read 3 thousands. 

Hence this property: 

When figures are connected in a line as in the number 
3456, the units which they express are said to be of dif- 
ferent orders. Thus, 6 occupies the first place, and its 
units are of the^r^^ order, that is, they have their simph 
value. The 5 occupies the second place, and its units are 
of the second order, or tens. The 4 occupies the third 
place, and its units are of the third order, or hundreds. 
The 3 occupies the fourth place, and its units are of the 
fourth order, or thousands. Hence the above number is 
three thousand fmir hundred and ffty'six. 

To numerate, and read the numbers in the following 
table, proceed thus: Begin with the upper line 3. The 
first place only being occupied, you numerate Units. Then 
read, three units, or simply three. In the second line two 
places are occupied— -then numerate Units, Tens — read 
fifty-four. In the third line three places are occupied; 
then numerate Vnits^ Tens, Hundteia— T^^^ two Wtvitfi^ 
and siwtjf-seven, and so proceed. 
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NX7MERATI0N TABLE. 

C5 g JJ o S S . 

*E .« l: ^ ® -^ k3 ® J? 

K Eh s 33 Eh e^ a: r^ t3 

^^— -- 1- ■ - I 1 lajB !■_■ ■ ■■_■ I j_i__i. ■ *N 

;S -aP S .« !*^ g 1^ |> -Ss Place or 6rder. 

• •- 3 Units — three, 

* ^ 5 4 Units, Tens-^fifty-four. 

... . . . 267 Units, Tens, Hundreds ^ 

. . . . .7438 — two hundred and' 

. . . '. 7 2 9 1 2 sixty-seven; and so 

. . .432654 proceed. 
. .6357421 
.76824698 
6 8 5 7 3 19 7 5 

41. In the preceding table no occurs. This charac* 
ter, unlike the digits, represents the absence of number. It 
is used to fill places where no value is to be expressed, 
and thus to cause the significant figures to occupy those 
places in which they will express the intended values. 
Thus, 2, standing alone, means 2 units of the first order, 
or of simple value ; but 20 means 2 units of the second 
order, and no units of the first order; that is, 20 is the ex- 
pression for 2 tenSj or twenty. In the same way, 200 
means 2 units of the third order, no units of the second 
order, and no units of the first order ; that is, 200 is the 
expression for two hundred. 

Hence, a zero placed at the right-hand of a. significant 

figure, increases the simple value of its units tenfold. Two 

^eros placed at the right-hand of a B\gti\fifi«oa\. ^xxt^ W 



NUHEBATION. |3 

crease the simple value of its units ten times tenfold, or a 
hundred-fold. Three zeros a thousand-fold, and so on; everj 
additional zero increases the preceding value tenfold. 

In reading numbers containing zeros, we read only the 
significant figures. Thus the number 20406, consisting 
of 6 units, no tens, 4 hundreds, no thousands, 2 ten thou- 
sands, must be read twenty thousand four hundred and six. 

Does the value of figam change 1 What do they always repment 1 Do their 
mits diflRsr in value 1 What u the local value oA nnit t When lignifieant figuiee 
•le eoDiieeted together, what valoe ha* the unit of the right-hand figure t What the 
Boit of the Mcond figure, Ice. 1 Give an illustration. When a figure ooeupies the 
int place,^ of what order aie its units, &e. 7 Repeat the Nuneratioo Table. What 
do yon mean by the place of a figure 1 What by the order of its units 1 . Whattkes 
die zero represent 1 For what purpose is it used Y What efiect has it on the units o# 
the significant figures With which it is connected 1 What eflhct have two aeroe 1 
What eflfeet has every addttiooal aeio 1 In reading numbers, what use do we make 
af the zero 1 What figures do we read I 

EXAMPLES. 



4 
3 6 

2 5 

12 3 7 

2 7 8 3 5 

10 2 7 

6 3 6 9 

5 4 12 8 9 

5 12 3 4 5 67 



Numerate arid read the an- 
nexed numbers : 

Also, Vrite dowp the following 
numbers under each other, so 
that units may stand under 
units, tens under tens, hundreds 
under hundreds, &c. 

Seventy-three. 

Three hundred and thirty-seven. 

Eight thousand six hundred and one. * 

Ninety-seven thousand three hundred and forty-three. 

Three hundred thousand, five hundred and eleven. 

Six millions, one thousand and twenty-five. 

Forty-three millions and seventeen. 

Two hundred and thirty-three millions and ten thousand. 

tS« Thus ^ar we have shown how to u\imeta.te a.ud 
read numbers which do not contain more l\\aTii\\w^^\^'t«^ 

2 
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of figures. Whea there us more than nine places <^ 
figures, it will be convenient to divide them into penods of 
three fig^ures each, as in the following 






i 

a 

I. 



ii 11 1! |l Ij I. L h 

li il of S| SI Si ii ti 

miiiiiiiiiiiijiiiifliiJii"i 






I I I I I I g I I 

^ I I I I I ! * « 5 

By this table ve discover that each period, or group of 
three figures, takes a nev name, hy which means th« 
numeration if all numbers is made to depend upon that 
of three figures. 

A. The above method of numerating, by giving to each 
period of three figures an independent name, iB due to the 
French. There is another method, sometimes used, callod 
the EngliaA method. It consists in giving a new name to 
^cb peiiod of six figures. The Fr«nc& wn.y ia t\H aiiit 
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yC», and is generally at^opted. We will KEhibil the tvo 
Btethodfl at one view in the following 



lb. i 






3a3S3333333333 33 



333333333 



Ifji 



is: 



I 



as 



Jlllll 



7. After the pupil has carefully esamined this table, 
let him be required to numerate and read, by dividing into 
periods of three figures, the following numbers : . 

1347835674116 

3478567321752005 

75456278327005717 

633456267489136545 

45654213400100200437 

46774348692 1 7854 1%1^^4&M^ 
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* 

Let him d\m separate them iifto periods of six figiireB, 
according to the English method^ and then numerate and 
read them. 

It will be seen, by reference to the foregoing tablea, 
that the French and English methods of numeration 
agree as far jas nine places of figures, which is as far 
as we generally wish to extend numbers in the ordinary 
business operations of life. Numbers, could be chosen 
which should be widely diiSTerent, and still would be read 
precisely the same by the two methods. For instance, the 
French method of reading 103900000000000 is the same 
as the English method of reading 1 03000900000000000000, 
each reading being one hundred and three trillions^ nine 
hundred billions. 

The same is the case with infinite other numbers 
which might be selectied. Hence the importance of know- 
ing which sjrstem of numeration is employed. Twenty 
billions in the English system is a^ thousand times twenty 
billions in the French system. 

ROMAN NOTATION. > 

8. The Romans, as well as many other nations, ex- 
pressed numbers by certain letters of the alphabet. The 
Romans made use of only seven capital letters, viz. : I for 
one ; V fox Jive ; X for ten ; L (or fifty ; C for one hundred ; 
D ioxfive hundred ; M for one thousand. The other num- 
bers they expressed by various repetitions and combinations 
of these lette]|:8, as in the following 

TABLE. 

1 expressed by L - As oflen as any char* 

2 ^ ^ IL acteT\at«^«iXcA^^oixwsxtj 
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3 


expressed by III. 


times is its value re- 


4 


tt 


« IV, or nil. 


peated. 


5 


u 


** V. 


A less character be- 


6 


tt 


« VL 


fore a greater, diminishes 


r 


iC 


« VII. 


its value. A less char- 


8 


u 


« VIII. 


acter after a greater, in- 


9 


tt 


« IX. 


creases its value. 


10 


u 


« X. 




50 


u 


« L. 




lOO 


tt 


« C. 




500 


tt 


« D. 


A bar ( — ) over ary 


1000 


(t 


« M. 


number, increases it 1000 


2000 


tt 


« MM. 


fold. 


5000 


tt 


a V. 





By what roeafos did the Romiuu ezprpM numbers 1 In thii notation, how did i«- 
paating a hnter affeet the value which it repreaented ? How was the vniue of a 
eharactn affeeted when one of lew value wa» placed before it J How when a cha>- 
ider of km value was placed after it 1 How was the value affected by a bar drawn 
iti 



ADDITION OF SIMPLE NUMBERS 

O. Simple ^J^nrnoN is ^tting together several num- 
bers of the same kind or denomination. ^ 

The sum total which is obtained. by adding several 
numbers together, is called the amount. 

Before explaining .the method of adding numbers, we 
will showlhe use of the tWo symbols =, -f . 

The symbol -=, Is called the sign of equality, and when 
pl^ed' betwoea two qu0,ntities, it indicaVes vWv v\\^^ ^\^ 



1' 
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equal Thus 91=slb(> cents, implies that 6iie dollar is 
equnl to on^ hundred cents. 

The symbol +, is called the sign of addition, a^d when 
placed between two quantities, indicates that those quan- 
tities are to be added. Thus 3 4-4 ==7, denotes that the 
sum of 3 and 4 ifi equal to 7. 

The symbol + is generally read plus ; a Latin word, 
meaning more. 

What it limple addHion T What it tb« mult obtained by adding several nnmben 
tofether, called ? Daecribe the symbol of equality. Describe that of addition. 

By the assistance of these two symbols we may form 
the following 

ADDITION TABLE. 





2+0= 2 


3+0= 3 


4+0= 4 


5+0= 6 




2+1= 3 


3+1= 4 


4+1= 5 


5+1= 6 




2+2== 4 


3+2= 5 


4+2= 6 


5+2= 7 




2+3= 5 


3+3= 6 


4+3= 7 


S+3= 8 




2+4= 6 


3+^= 7 


4+4= 8 


5+4= 9 




2+5= 7 


3+§= 8 


4+5= 9 


5+6=10 




2+6= 8 


3 + 6= 9 


4+6=10 ' 


5+6=11 




2+7= 9 


3+7 = 10 


4+7=11 


5+7=12 




2+8=10 


3+8=11 


4+8=12 


5+8=13 




2+9=11 


3+9^=12 


4+9=13 


5+9=14 




6+0= 6 


7+0= 7 


8+0= 8 


9+0= 9 




6+1= 7 


7+1= 8 


8+1= 9 


9+1 = 10 




6+2^ 8 


7+2= 9 


8+2=10 


9+2=11 




6+3= 9 


7+3 = 10 


8+3 = 11 


9+3=12 




6+4=10 


7+4=11 


8+4=12 


9+4=tl3 




6+5 = 11 


7+5=12 


8+5=13 


9-h5=14 




6+6=12 


7+6=13 


8+6=14 


9+6=15 




6+7=13 


7+7 = 14 


8+7=15 


9+7=16 


/ 6-^9=15 / 


7+8 = 15 


8+8=16 


.9+8=17 


7+9=16 


8+^-\7 



ABDITION. 19 

Let the pupil be required to answer the following quei- 

tbns: 

4+3=howmany? 

2+5+ 1 =:how manj ? 

5+6+7+2=how many? 

8+9+2+ l+7=how manyl 

6+7+6+4+a+2=how many? 

l+2+4+3+5+7+6=:how many? 



OPERATION, 



00 



EXAMPLES. 

1. Where the avxns of the several columns are less than 
ten;— 

Add together 2432, 3343 and 4122. 

Set the numbers under each other: 
units under units ; tens under tens ; 
hundreds under hundreds ; thousands 
under thousands. Draw a line below 
the whole. 

Add first, the column of units, S«t 
the sum 7 under the column of units ; 
next add the tens ; set the sum 9 
under the column of tens — next add 
the hundreds ; set the svim 8. under 
the column of hundreds. Lastly, add 
the tho^Tsands, and set the sum 9 
under the cplumn of thousands. The 
whole amount is, then, nine thousand 
eight hundred and ninety-seven. 

Add 6264, 2532 and 1203. 
Add 4132, 1001 and 1423. 



o 

Eh 

2 
3 
4 



& 

c 

SB 
4 

3 

1 



d 

3 
4 

2 



a 
P 

2 
3 
2 



9 8 9 7 



Ans. 9999. 



Ans. 6556. 

2. Where the sums of the several columns e(\ual or 
exceed ten; — 
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OPERATION. 
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DQ 
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• 

00 
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ts 








cc 


p 








U 


l-l 




• 




S^ 


'^ 


• 
09 


QQ 


• - 


i 


3 




*-> 




H 


•ffi 


^ 


l=> 




3 


7 


5 


8 


to 

§ 


4 


9 





3 


Eh 


7 








6 




3 


7 


I 


3 


^■ 


3 


7 


2 


1 


2 


3 


1 
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What is the sum total of the foDowing numbers : 3768 
4903,7006,8713,3721. 

Place the numbers as directed in 
the preceding example. The sum 
of the numbers in the units* column, 
is 21— that is, 2 tens and 1 unit. 
Set the 1 under the units' column, 
and carry the 2 to the next or 
tens' column. The sum of the 
tens' column thus increased is 10 
tens; that is, 1 hundred and no 
tens. Place a zero under the tens' 
column, and carry the 1 to the hun- 
dreds' column. The sum of the 
hundreds' column, so increased, is 
31 hundreds ; that is, 3 thousands and 1 hundred. Set tlie 
1 under the hundreds' column, and carry the 3 to the 
thousands' column. The sum of this column, so increased, 
is 23 thousands, or 2* tens of thousands and 3 thousands. 
Set the 3 under ♦ the thousands' column, and carry the 2 
to the tens of thousands' place ; or^ what is the same 
thing, set down the whole of the sum of the last column. 

lOi From what has now been explained, we know 
that ten units are equal to one ten, ten tens are equal to 
one hundred, ten hundreds are equal to one thousand, and 
so on ; ten of any order are equal to one of the next supe- 
rior order. Hence, for adding numbers of the same de- 
nomination, we deduce this 

RULE. 



/, Piace the numbers to he added under eoM^K otW^ s« 



ADDITION. 21 

ikat units may stand under units^ tens under, tens^ hundreds 
under hundreds^ and so on for the higher orders. 

11. Commencing at the righufind the sum of the numbers 

n the column of units ; if this sum is less than ten, place it 

I vnmediately under the unit column; but if it equals or ex' 

I feeds ten^ see how many tens it contains, and how many 

t units over ; write down the units under the units* columnj 

and carry the tens to the next, or tens' column. In 'his way 

proceed with each column^ observing to carry for every ten 

contained in such column^ one to the column of the next 

higher denomination. When we reach the last column, its 

whole amount must be set down. 

How do yoa write the nambera for addition 1 Where do yen commence to add t 
If the sttm ia ejBp rowe d by a nngle di^it, bow do you diipoM of ill When it eqaala 
or exceeds ten, how do ^ou proceed 1 What it the rule with regard to carryldf Y How 
do TOn proceed when yon come to the last cohimn 1 



- • 


£XAMFTiK8. 


0) 


(2.) 


56430 


7921341 


12798 


82345768 


34457 


79013265 


21325 


7890275 



125010 amount. 1 77 1 70649 amount. 

PEOOP OP ADDITION. 

11. The method of proving, or testing the work of 
addition, is generally to commence at the lop of the re- 
spective colunms and add downwards, carrying one for 
every ten as before ; if the sum is the same as when the 
columns were added upwards, the work is then supposed 
to be correct This proof is not infallMe, ftVci^^ TcisXaksA 
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may occui in both operations, which shall balance each 
other. 

How M the work of addition geoerally proved ? Is thii method of proof infalUbbl 
Whjrnott 



(5.) 


(6.) 


(7.) 


34567890 / 


43345678 


123423434 


2357911 


21123355 


23785432 


.234567 ^ 


27893 


9876543 


24897 


54689 


751002 


64 


734321 


10200 


37185329 


65285936 


157846611 



8. Add 123405, 2354210, 794327, and 3654>, together. 

Ans. 3308489. 

9. Add 275602, 345607, 4567801, and 365, together. 

Ans. 5189375. 

10. Add 100375, 406780, 4673005, 4112, and 2478, 
together. 

Ans. 5186750. 

11. Add 1034001, 78954, 379205, 367001 , and 45637, 
together. 

Ans. 1904798. 

12. What is thersum of the following numbers: Three 
thousand six hundred and fif ly, seven thousand eight hun- 
dred and thirty-two, eleven thousand five hundred and 
sixty -seven, ten thousand and fifty-six, four hundred and 
seventy-two? Ans, 33577. 

13. What is the sum of the numbers, four thousand 
three hundred and seventy-three, three thousand one hun- 
dred and fourteen, one thousand two hundred and twenly- 
tbree, six bundfed and fifty -fout'? Ans. 9364. 



ADDITION. 2i 

14. Find the number of days in a jear, the dajra of 
the respective months being as follows : January^Bl, Feb- 
ruary, 28, March, 81, April, 30, May 31, June, 30, July, 31, 
August,31, September^ 30, October, 31, November, 30, Do- 
cember,31. 

Ans* 365 days. 

15. A man drew five loads of bricks; in the first load he 
had 1209, in the second load 1453. in the third load 1101, 
in the fourth load 1212, and in the fifth load 1306. How 
Tiany bricks were there in all ? 

Ans. 6278 bricks. 

16. If there aie shipped from the United States, 15624 
oarreis of flour to Sweden, 250 barrels to Holland, 205154 
barrels to England, 6401 to Texas, 19602 to Mexico, what 
is the whole amount? ^ti^. 247031 barrels. 

17. In 1837 the United States exported 100232 hogs- 
heads of tobacco; in 1838 they exported 100592; in 1839 
they exported 78995 ; in 1840 they exported 1 19484 ; in 
1841 they exported 147828. How many hogsheads &f to- 
bacco were exported during these five years? 

', Ans. 547131 hogsheads. 

18. If the cotton crop of the United States is estimated 
at 1360532 bales for the year 1839, 2177835 bales for the 
year 1840, 1634945 bales for the year 1841, and 1683574 
bales for the year 1842, how many bales will the four 
years' crops amount to? Ajis, 6856886 bales. 

19. In 1839 the Onondaga Springs produced 2864718 
bushels of salt ; in 1840 they produced 26*^2305 bushels 
in 1841 they produced 3340769 bushels; in 1842 they 
produced 2291903 bushels. What is the whole number 
of bushels during the above four years? 

Ans, 1 H L9i65 b\ssk^V&, 



24 ELEMENTARY ARITHMETIC. 

20. The United. States exported in bullion and specie, 
in 1838, 3508046 dollars; in 1839, 8776743 dollars; in 
1840. 8417014 dollars ; in 1841, 10034332 dollars. Uosf 
much was exported during these four years ? 

Ans, 30736135 dollars. 

21. Amount of tea consumed in the United States, 
during 1842, was 13482645 pounds; during 1843, it was 
12785748 pounds; in 1844, it was 13054327 pounds ; in 
1845, it^was 17162550 pounds; and in 1846 it was 
1689 1 020 pounds. What was the whole number of pounds 
during these five years ? 

^nj. 73376290 pounds. 

22. The amount 6f coffee consumed in the United 
States, during the year 1842, was 107383567 pounds; in 

1843, it was 85916666 pounds ; in 1844, it was 14971 1820 
pounds; in 1&45, it was 94358939 pounds, and in 1846 
it was 124336054 pounds. Whdt was the whole number 
of pounds during th'ese five years? * 

' ' Ans. 661 707046 pounds. 

23. The number of acres of public land sold by the 
United States government, in the year, 1841, was 1 164796 
acres; in the year 1842, it was 1129217 acres; in 1843, 
it was 1605264 acres; in 1844, it was 1754763 acres; 
and in 1845 it ^^s 1843527 acres. What was the whole 
number of acres sold during these five years ? 

Ans. 7497567 acres. 

24. The United States revenue few letter postage, under 
the new law, -was as follows: for the year 1842, it was 
3953315 dollars^ for 1843, it was 3738307 dollars; for 

1844, it was 367<3162 dollars; and for 1845 it Wa» 
366023 1 dollars. What was the whole number of dollars , 
during these f^ur years? Ans. 15028015 dollars. 
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25. In 1843, the amount of gold coined at the United i 
States mint and branches, was as follows f At Philadel- ' 
phia, 4062010 dollars; at the branch at New Orleans,' 
3177000 dollars; at the branch at Dahlonega, 682782 > ' 
dollars ; at the branch at Charlotte, 287005 dollars. How 
many dollars of ^Id coined in all? 

Ans, 8108797 dollara. 

The sum of th^ numbers in each tov of the following ' 
table, whether taken vertically or horizontaify, or from • 
comer to comer, is 24156. Let the pupil be required to 
make these 24 distinct additions.* 

TABL^. 



2016 

8448 
684 
2880 
1116 
9312 


4212 
2062 

268 
2484 

720 
2916 
1152 
3348 
1584 
3780 
1620 


1656 
4248 
2088 

324 
2620 

756 
2952 
1188 
3384 
1224 
8816 


3852 
1692 
4284 
2124 

360 
2556 

792 
8988 

828 
3480 
1260 


1296 
3888 
1728 
4320 
2160 

396 
2592 

482 
3024 

864 
3456 


3492 
1332 
3924 
1764 
4356 
2196 
36 
2628 

468 
8060 

900 


936 
3528 
1368 
3960 
1800 
3996 
2232 
72 
2664 

504 
3096 


3132 

973 

3564 

1404 

3600 

1836 

4032 

8268 

108 

2700 

540 


576 
3168 
1008 
3204 
1440 
3636 
1872 
406S 
2304 

144 
8736 


2772 

612 

2808 

ft 

1044 
3240 
1476 
3672 
1908 
4104 
8348 
180 


816 

2412 

648 

• 

2844 
1080 
3276 
1512 
3708 
1944 
4140 
2376 


1548 
3744 
1960 
4176 



* ThioUbkr b fimned bj nnlt^jiiig the nombm m ^ wusvt wsMx^dtVL^Vi^ 

8 



M 



BLBMENTAB¥ ARITHMETIC. 



The quantity and value of teas and coffee consuxned 
annually, fiom 1821 to 1846, in the United States, were 
as follow: 





TlAt COMflUMBP. 


Corrmz Comsumks. I 


♦ » 












Vain*. 


fottndi. 


. Vila*. 


1821 


4586223 


•1080264 


11886063 


•2402311 


1822 


5305588 


1 160579 


18515271 


3899042 


1823 


64>4934 


1547695 


16437045 


2835420 


.1824 


7771619 


2224203 


20797069 


2513960 


1825 


7173740 


2346794 


20678062 


1995892 


1826 


8482483 


3443587 


25734784 


2710536 


1827 


3070886 


942439 


28354197 


1130607 


1828 


6289581 


1771993 


39156733 


3695241 


1829 


5602795 


1531460 


33049695 


3052020 


1830 


6873091 


1532211 


38362687 


3180479 


1^31 


4656681 


1057528 


75700757 


5796139 


1832 


8627144 


2081339 


36471241 


2516120 


1833 


12927043 


4775081 


75057906 


7525610 


1834. 


13193553 


5422275 


44346505 


4473937 


1835 


12331638 


3594293 


91753002 


9381689 


1836 


14484784 


4472342 


77647300 


7667877 


1837 


14465722 


5003401 


76044071 


7335506 


1838 


1 1978744 


2559546 


82872633 


7138010 


1839 


7748028 


1781824 


99872517 


9006686 


1840 


16860784 


4059545 


86297761 


7615824 


1841 


10772087 


3075332 


109200247 


9S5527a 


1842 


13482645 


3567745 


107383567 


8447851 


1843 


12785743 


3405627 


85916666 


5923927 


1844 


13054327 


3152225 


149711820 


9054293 


1845 


17162550 


4809611 


94358939 


5380532 


1«46 


16891020 


3983337 


124336054 


7802894 


Totals. 






i 


• 



This table will afford material for as many examples in 
addition as the teacher may deaite. Thua^hemo^y tec^^ve 
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the pupil to find the total number of pounds, as well as 
dollars, for the whole number of years given, or for any 
particular years within the limits of the table ; and as it 
is very desirable for the pupil to be quick and accurate in 
the addition of numbers, it will be well for the teacher to 
extend to considerable length the exercises which may be 
drawn from the above statistics. * 



SUBTRACTION OP 8IIP1E NUMBERS. 

IS* Subtraction is taking a less number from a 
greater. 

The greater number is called the minvend, and the' 
smaller number is called the subtrahend ; the result is 
called the remainder or difference. 

The symbol for subtraction is — . When this symbol 
is placed between two numbers, it indicates that the sec- 
ond is to be subtracted from the first. Thus, 8—5, denotes 
that 5 is to be taken from 8. The remainder being S, wei 
have 8—5=3. 

The symbol — is generally read minus; a Latin word; 
meaning less. 

What is Subtraction 1 What it the greater number called 1 What ia the imallec 
namber caUed t What ii the rteult called 1 What symbol is used to deimte Sub- < 
Inetiool 

By using this symbol, we may form the following 
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SUBTRACTION TABLE. 



2-2= 





3-3= 


4— 4d= 


5—6= 


3-2 = 


1 


4-3= 1 


5-4= 1 


6^5= 1 


4-2 = 


2 


5-3= 2 


6-4= 2 


7-.5= 3 


5-2= 


3 


6-3= 3 


7-4= 3 


8-5= 3 


6-2= 


4 


7-3= 4 


8-4= 4 


9-5= 4 


•7-2= 


5 


8-3=;: 5 


9-^4=^ 5 


10-5= 5 


8-2 = 


6 


9-3= 6 


10-4= 6 


11-5= 6 


9-2 = 


7 


10^3= t 


ll_-4=: 7 


12-5= 7 


10-2 = 


8 


11—3= 8 


12-4= 8 


13-5= 8 


11-2= 


9 


12-3= 9 


13-4= 9 


14-5= 9 


6-6 = 





7-7= 


8-8= 


9-9= 


.7-6 = 


1 


8-7= 1 


9-8= 1 


10-9= 1 


8-6= 


2 


9-7= 2 


10-8= 2 


11^9= 2 


9-6= 


3 


10-^7= 3 


11-8= 3 


12-9= 3 


10-6= 


4 


}l-7= 4 


12-8= 4 


13-9= 4 


11-6= 


5 


12—7= 5 


13-8= 5 ^ 


14-9= 5 


12-6= 


6 


13-7= 6 


14-8= 6 


15-9= 6 


13-6= 


7 


14^7= 7 


15-8=* 7 


16-9= 7 


14-6= 


8 


15-7= 8 


16-8= 8 


17—9= 8 


15-6= 


9 


16-7:;= 9 


17-8= 9 


18-9= 9 



Liet the pupil be required to 
questions: 

8— 2=how many ? 
11— 2=how many? 

8— 3=how many? 
10— 3=how many? 
12— 3=liow many? 

7— 4=how many? 

9— 4=how many? 

1 1 — 4=how many ? 

13-^4 =bow many ? 



answer the following 



13- 
11- 
13. 
14- 
16- 
10- 
12- 
13- 
17 



•5=how 
•6=bow 
-6=how 

.7i=ih0W 

-7=how 
•8=how 
•8=how 
■9=how 

-9=^VON? 



many? 
many? 
many? 
many? 
many? 
many? 
many? 
many? 



subteaotion. 



oferahon. 



00 

1 

a 

EC 
7 

3 



OD 

a 



1:5 
9 6 minuend. 

7 5 Bubtrahei 



4^1 difference 



EXAMPLE& 

1. In which no figure of the subtrahend is larger th 
the corresponding figure in the minuend. 

From 796 subtract 375. 

Place the subtrahend directly 
under the minuend, so that 
units may stand ^ under units, 
tens under tens, hundreds under 
hundreds. 

Then commencie at the 
units' column and subtract — 
5 from 6 leaves 1 ; place the one 
under the units' column, and so proceed with each si 
ceeding column. 

From 687 subtract 486. Ans. 201. 

. From 7949 subtract 5438. Ans. 25\l. 

From (59975 subtract 59831. Ans. 10144. 

FroiQ 879465 subtract 729355. Ans. 1501 10. 

From 987654321 subtract 82 1 3500 11. 

Ans. 166304310. 

2. In which some of the figures of the subtrahend f 
larger than the corresponding figures of the minuend. 

From 867 subtract 496. 

OPERATION. 

m 



1 






S 



7 hundred, 16 tens, and 7 units, [7] [16] • 
=zS hundred, 6 tens, and 7 units, 0^7 minuend. 

4 9 6 subtrahex 



d 1 \ ^\^««SM 
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Ans. 281. 

Ans, 4ia 

.Ans. 1191. 

Ans. 33171. 



Place the minuend and subtrahend as in the preceding 
example. Begin at the units' column ; 6 from 7 leaves 1. 
Passing to the tens' figure of the subtrahend, which is 9, 
we see that it cannot be subtracted from the corresponding 
figure of the minuend. But we know (Art. 10,) that 1 
of any order is equal to 10 of the next lower order. We 
therefore take I from the hundreds' figure, leaving that 
figure 7, (which' we place in brackets over the 8, marking 
out the 8,) and counting the 1 hundred as 10 tens, we add 
• it to the 6 tens, making 16 tens, which sum we place in 
bracket's over the 6 and mark out the 6. We now say 9 
from 16 leaves 7 ; 4 from 7 leaves 3. 

From 959 subtract 678. 

From 767 subtract 349. 

From 8965 subtract 7774. 

Prom 52475 subtract 19304. 

3, We will now give an example of a more difficult 
operation. 

From 8053 subtract 4967. 

Place the minuend 
and subtrahend as before. 
Commence at the units' 
column. W e cannot sub- 
tract the 7 from the 3, a« 
the subtrahend figure is 
the larger. We there- 
fore take 1 from the tens' 
figure of the minuend, 
leaving that figure, 4, 
(which we place in 
brackets over the 5,mark- 
//7^ out the 5,) and counting tliB \ Xeii aa \fetv \«C\\.%^^^ 



OPERATION. 



Q 

a 

O 









i [9] [14] : 

[7] [X0] [4] [13] 

$ $ $ minuend. 

4 9 6 7 subtrahend 



3 8 6 difference. 
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add it to the 3 units, making 13 units, which sum we 
]daee in brackets over the 3 and mark out the 3. We 
can now subtract the 7 from the 13. We next see]^ to 
subtract the 6 from the 4, which we cannot da We must 
tiien seek one from the hundreds' place to be added to the 
4. But there are no hundreds there. We then go to the 
thousands' place. Taking one from the 8, we have 7 left. 
Place the 7 in brackets over the 8 and mark out the 8. 
The 1 thousand we carry to the hundreds* place, where it 
counts 10 hundred j; place the 10 over the zefo and mark 
out the 0. Then take 1 hundred from the 10 in the 
brackets, leaving 9, which, place in second brackets above, 
and mark out the 10 ; then add the I ^ counting it as 10 tens, 
to the 4, and jou have 14 tens, which place within second 
brackets over the 4 and mark out the 4. ■ 

Now we proceed with tbe i^ubtraction; Gfiom 14 leaves 
8 ; 9 from 9 leaves ; 4 from 7 leaves 3. 

It will be noticed that th^ minuend appears in three 
different forms ; yet the sum is the same in all: Thus, in 
the minuend proper, the sum is 8 thousands,. hundreds, 
5 tens, 3 units ; in the minuend in the first brackets, the 
sum is 7 thousands, 10 hundreds, 4 tens, 13 linits ; in the 
second brackets, 7 thousands, 9 hundreds, 14 tens, 13 
imits : each form being equal to ^053. 

Note. — The preceding explanations are intended to shov the 
reasons of the process. The pupil should pertbrm similar opera- 
tions without writing down the steps* 

f 

From 8275 subtract 71S9. iliw. 1086, 

From 6044 subtract 5272. Ans. 772. 

From 90000 subtract 1 Ang, 89999. 



CO *^ _» ■ 

§ I S I 

^ ^ « (3 

8 5 3 minuend. 

4 9 6 7 subtrahend 



3 8 6 difieiieivce. 
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'Cheie k aaother mode,.ahorier and more practical^ for 
perfonning subtraction, when figures in the eubtn^iesid «ie 
larger than corresponding figures in the minuend. 

Take the same example. operation. 

We eannot subtract 7. 
from 3. Therefore w» add 
10 to the 3 and say, 7 from 
13 leaves 6. Having th]us 
increased the minuend figure 
3, by 10 units, we balance 
that excess by adding 1 tea 
to the 6 of the subtrahend, 
making 7 tens^ But the ,7 
tens cannot be subtracted &om' the 5 tend. Add, then, 1 
tens to the 5, making 16 tens, and then say ,7 from 15 
leaves 8 ; having added 10 tens to the 5 of the minuend, 
we restore the balance by adding 1 hundred to the 9 of 
the subtrahendj making 10 But we cannot subtract 10 
from 0. Then we add 10 hundred to the 0, and say 10 
from 10 leaves 0. Before subtracting the thousands, we 
must add 1 to the 4 thousands to compensate Tor the 10 
hundred added to 0, then say 5 from 8 leaves 3. 

From 9034 subtract 7941. ^n«. 1093. 

From 8087 subtract 47^9. ^ Am. 3^28. 

From 87316 subtract 19848. Ans. 67467. 

From 64281 subtract 3a7d6. iin^ 26485. 

From what has been-ione, we deduce this 

RULE« 

I^ PlacB the subtrahend under the nUnuemdj so thatumU 
majf si€md directly under units^ tem under tens^ <^e^ 



8UBTAACTION. 



IL - Then commencing at the righi^ st^iract each fifur§ 
iif ike subtrahend from the eorrespimding figure of the mtiH 
yend ; observing^ when a figure of the subtrahend is 
greater than the corresponding figure of the minuend^ to 
increase the minuend figure by 10^ brfote subtraeting^ and 
^len to carry 1 to the next figure of the subtrahend, 

Boir do>op plM» tlM muBbMB M rablmeliw 1 WWm do ytu tm namm tm 
idilnett Ekplaia the matliod of rabtnetiiif when fhe figuM ia the rabcnhaod ts- 
Um eomipaadiiif figara of the minueod. 



4. From 34678 subtract 13787. 



f 


OPEKATION. 

* 

34678 
13787 


y 


20891 diffeience. 


(5.) 

789347 
120305 


(6.) 
10345678937 
902134124 


669042 difference. 9443544813 


1 





IS* If the operation is rightly performed, the difference 
added to the subtrahend must equal the minuend. 



(7.) 
78543 

23056 



(8.) 
612045 
137891 



Differejices. 55487 474154 



(9.) 
9345678201 
3279609167 

6066069034 



Proofs. 78543 612045 9345678201 



T-» 



34 ^^ ELBMENTAJIT ARlTAliu ci n O. 

10. From seven million, three hundred and sixty«five 
thousand, two hundred and thirty-nine, take three hundred 
and forty-two thousand and thirteen. 

Ans, W23226. 
U. From one million and eleven, subtract thirteen. 

Ans, 999998. 

12. From ^hree hundred and sixty-five thousand, take ' 
three hundred and siity-five 

Ans. 364635. 

13. America was discovered in 1492. How many years 
from that time to the year 1844? 

^ Ans» 352 years. 

14. If a man receive 11345 dollars, and payout of it 
9203 dollars, how much will he have remaining ? 

Ans. 2142 dollars. 

15. In 1 842 the Onondaga Salt Springs yielded 229 1903 
bushels of salt, and in 1826 they yielded 827505 bushels. 
How many more bushels were produced in 1842 than 
in 1826? 

Ans. 1464398 hushels, 

16. Ill 1842 the United Stated shipped to England 
205154 barrels of flour, to Scotland 3830 barrels. How 
many more barrels were sent to England than to Scotland? 

Ans. 201324 barrels. 

17. Two men start together from the same place, and 
travel in the same direction ; one goes 63 miles each day, 
and the other goes 37 miles. How far apart will they be 
at the end of the first day ? 

Ans. 26 mileSu 

18. George Washington was bom in the year 1732 ; he 
died in the year 1799. To what age did he li?e? 

Ans. 67 years. 
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19. At an electicm 12572 votes are taken; of which the 
successful candidate received 7391.. How many votes did 
the other candidate receive ? 

Ans. 5181 votes. 

20. And what was the first one's majority? 

Ans. 2210 votes. 

21. The coinage c^ the United States mint for 1843 
was in value 1 1967830 dollars, and in 1846 it was 6633965 
dollars. How much greater in value was the coinage in 
1843 than in 1846? 

Ans. 5333865 dollars. 

22. The total number of pieces coined in 1843 was 
114640582, and in 1844 it was 9051834. How many 
more pieces were coined in 1843 than in 1844? 

Ans, 105588748 pieces. 

23. In the year 1846, the value of the gold coin pro- 
duced at the mint was 4034177 dollars ; the value of the 
silver coin was 2558580 dollars ; and the copper coin was 
41208 dollars. How much greater was the value of the 
gold than the silver, and how much greater the copper? 
Also, how much did the silver exceed the copper? 

p Gold exceeded silver by 1475597 dollars. 

« " copper « 3992969 ^ 
1: Silver « « « 2517372 '« 

24. In 1835, the number of post offices in the United 
States was 10770; extent of post roads 112774 miles; in 
1845, the number of offices was 14183; and extent of 
roads 1 43940 miles. How many offices were added during 
these 10 years, and how many additional miles of road 
were added? 

•* C 3413 post offices. 

*** ( 31 166 milea of towL. 



Ans. < 



36 " SLEMBNTAllT ARITHMETIO. 

25, In 1840 the population of New York was 2428921, 
and in 1890 it wa« 1913006. What was the increast 
during this 10 years ? ^n^. 515915. 



QUESTIONS JNVOhVma ADDITION AND SUBTRACTION. 

1. A lets B have 60 bushels of wheat, worth -70 dollars, 
a fine horse woith 150 dollars, and 37 dollars' worth of 
butter. B in turn gives A his note for 1 10 dollars, and 
the rest in cash. What is the amount of cash? 

i^Tif. 147 dollars. 

2. A borrows of B, at one time, 375 dollars ; at a second 
time he borrows 95 dollars, and at a third time he borrows 
413 dollars; he has paid him 319 dollars. How much 
does he dtill owe him ? Ans. 564 dollars. 

3. A person left a fortune of 10573 dollars to be divided 
between two sons and one daughter ; the first son received 
4309 dollars, the other son had 4^87 dollars. How much 
did the daughter receive ? 

Ans. 1277 dollars. 

4. Two persons are 375 miles apart ; they travel towarda 
each other ; at the end of one day, one has travelled 93 
miles, and the other 57 miles. How far apart are they ? 

Afis. 225 miles. 

5. A farmer sold a spaii of horses for 150 dollars, a cow 
for 27 dollars, some cheese for 83 dollars, and 7 tons of 
hay for 56 dollars. He purchased 10 yards of broad- 
cloth worth 45 dollars, a cook stove for 23 dollars, arid a 
pleasure carriage for 80 dollars. How much money will 
be have left? Ans. 168 dollars. 

6. In the year 1840, the. coinage of the United States 
mwt was OB folldwa: 1675302 doVWia o^ ^o\4, Vn-57Qa 
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doUan ^f silver, and 24627 dollars of copper. In the year 
1841 the gold coin amounted to 1091597, the silver to 
1132750, and the copper to 15973. How much was the 
whole value for each year? How much greater was the 
whole coinage in 1840 than in 1841 ? In each year, how 
much greater was the value of the silver than that of the 
gold and copper respectively? 

fin 1840 total value was $3426632. 
" 1841 « « « 2240320. 

^ 1840 exceeded 1841 by M863i2. 

« .gw| < sil^r^^ceeded gold by 51401. 
1840^ a a copper" 1702076. 
« 1841 \ ^^^^^ exceeded gold by 41 153. 
( « « copper" 1116777. 



Ans. -^ 



• MULTIPLICATION OP SIMPLE NUMBERS. 

14* Multiplication teaches to repeat one of two num- 
bers as many times.as there are units in the other. 
The number to be repeated is called the muhipUeand. 
The number denoting how many times the muhipltcand 
is to be repeated, is called the midtiplier. 

Both multiplicand a&d multij^ier are QhXXeA faelors.* 
The result obtained is called the product 
The symbol for multiplication is x ; this written be- 
tween two numbers, indicates that they are to be mul- 
tipM^ together. Thiis. 3x7 denotes that ^ is to be 
repeated 7 times, or, which is the same thing, 7 is to be 
npe&ted 8 times ^ 



• JWnb ■ I«t» wsoni^ oMsainir u m^kM ; Vmiliim, imi>^^S«^ U)iC«aEMt 



88 



ULEMENTARY. A KITQM ETIG. 



By the assistance of this symbol, ve may form the 
following 



BfULTIPLICATION TABLE.* 



2X0= 


4X0= 


6x0= 


8X0= 


. 2X1= 2 


4X1= 4 


6xln; 6 


8x1= a 


2X2= 4 


4X2= 8 


6x2 = 12 


8x2 = 16 


2X3= 6 


4X3 = 12 


6x3 = 18 


8X3=24 


2X4= 8 


4x4=16 


6X4=24 


8X4=32 


2X5 = 10 


4X5=20 


6x5=^0 


8x5=40 


2x6=12 


4x6=z24 


6x6=36 


8X6=48 


2X^=14 


4X7=?8 


6x7=42 


8X7=56 


2X8=16 


4x8=32 


6x8=48 


8x8=64 


2x9=18 


4x9z=36 


6x9=54 


8X9=72 

• 


3x0= 


5X0= 


7x0= 


9x0= 


3X1= 3 


5X1= ^ 


7X1= 7 


9X1= 9 


8X2= 6 


5X2=10 


7x2 = 14 


9x2 = 18 


3x3= 9 


5x3=15 


7x3=21 


9x3=27 


3x4 = 12 


5x4=20 


7x4=28 


9x4=36 


3x5 = 15 


5x5=25 


7x5=:35 


9x5 = 45 


3x6=18 


5x6=^30 


7x6=42 


9x6=54 ' 


3x7=21 


5x7=35 


7 X T=49 


9x7=63 


3x8=24 


5x8=40 


7X8=56 


9x8=72 


3x9=27 


5x9=45 


7x9=63 


9x9=81 • 



The foregoing table should be committed to memory by 
the pupil. 



* This table inH no fitotor eorwfitlng of mors than one dipt. I am aware tiaat 
many table* of this kind an extended ai far as 13 time* 13, and otben ai far as S5 
times 9S» and even furtlier ; but I see no i^ood reason why it should terminate at 13 
times 13» any more than IS times 13. I have tbereibre thought it better to limit it to 
9 times %, this being as far as it can mctend by using but one digit as a factor. StUI I 
have no objection to pupils committing to memory the products of as large faetoa 
M0 tbejr iBCf wkh. 
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I* — 

i ISm The pupil must also hear in mind that the mul^ 
^ teller and multiplicand may he interchanged without ditering 
the product. Thus: 



4x8=8x4=32 
9x7=7x9=63 



4x6^:6x4=24 
3x5=5x3 = 15. 



What iam mqltiplieatioa teach 1 The namber to he repeated ii called wfaati 

Th» attmher denoCing how maoy timei the raaltiplieand is to be repeated it eaUad 

wiMtl What are the maltiplicand and multiplier loinetiines eafled? The mull 

obtaiaed it called whati What it the^symbol for maltipHcatf on 1 Can the mnltK 

plier and mahii^oaad exchaofe plaoee without alterinf the product t 

»• • 

f 

When the multiplicand consists of more thai! one figurei 
and the multiplier has but one figure, we proceed as fol- 
lows : 

Multiply 697 by 3, 

Place the multiplier un- 
der the multipUcand, units 
under imits^ First, mul- 
tiply the 7 unittf by the 
3 units; we obtain 21 units, 
or 2 tens and 1 unit. Write 
the 1 under the unit col- 
umn, and the 2 under the 
tens' column. Next, mul- 
tiply the 9 tens by the 3, 
and we have 27 tens ; 
equal to 2 hundred and 7 
tens. Write the 7 tens under the tens' column, and the 
2 under the hundreds' column. Finally, muhiply the 6 
hundreds by the 3 and we have 18 hundieds, which is the. 
same as 1 thousand and 8 hundreds. Write down the 8 
under the hundreds' column and caity xYi« \ ^Q^!DA^^<ss<^ 
B&ndB' place ; tha,t ia, write down th© 'wYicAft \^ 



1 
1 


OFKJUATIOII. 

• 

OB 

£ S a 
K E- P 




6 9 7 multiplicand. 




3 multiplier. 




2 1 imits. 




2 7 tens. 


1 


8 hundreds. 


2 


9 1 product. 
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We then add these partial pcoducUi, and b]l>iam20&l 
for ihe total product. 

By recalling to mind (Art. lO,) that ten in the place 
of units are equal to one in the place of tens, ten in the 
tens' place are equal to one in the hundreds^ place, Ac.j 
we maj perform the above multiplication as follows : 

OPERATlOlf. 



697 multiplicand. 
3 mijdtiplier. 

2091 plodtict. 



First, multiplying 7 of ihe mul- 
tiplicand by 3 the multiplier, we 
obtain 21 units, which are the 
same as 2 tens and 1 unit. Hence 
^e write down the 1 under the 
wiits* column, and reserve the 2 to 

4 

carry to the tens'. Next, multiplying the 9 by 3, we find 
27 tens, to which, adding the 2 tens reserved, we have 29 
tens, which are equal to 2 hundreds and 9 tens. Write 
down the d under the tens' column, and reserve the 2 to 
cany to the hundreds. Finally, multiplying the 6 by 3, we 
have 1 8 iiimdreds ;, to which add the 2 hundreds reserved, 
and we have 20 hundreds, the whole of which we write 
down, obtaining 2093 for the product. 

Again, let it be required to multiply 367 by 84. Hera 
the multiplier consists of more than one figure. 

Place the multiplier under the 
multiplicand, units under units, 
and tens under tens. 

Multiplying first by the 4 
units, we find 1468 for the 
product. We are next to mul- 
tiply by the 8 tens. Now, it is 
obvious that 1 unit, taken ten: 
times, that is, multiplied by 1 



OPERATION./ 

367 muhiplicaiid 
84 Qittltqiyec 

1468 
2936 

30828 pioail^ 



MULTIPLiOATlONf. 4| 

tea, must produce 10 units or 1 ten. So 7 units, (as in the 
example,) multiplied by S tens, inust produce 56 tens, of 
5 hundreds and 6 tens. Therefore, set the fixst %uTe, 6 
of this second product imder the tens* column and reserve 
the 5 to carry to the hundreds. The next step is the mul- 
tiplication of tens by tens, which must produce hundreds, 
since I ten^ taken 1 ten times, is equal to 1 himdred. There- 
fore 8 tens times 6 tens are 48 hundreds ; to which add the 
5 hundreds reserved, and we obtain 53 hundreds; equal to 5 
thousands and 3 hundreds. Place the 3 under the hun- 
dreds' column, and carry the 5 to th0 next column, and so 
proceed throughout. The sum of these partial products 
will give the total product, 30828. 

If the multiplier consists of three figures, its left-hand 
or hundreds figure, multiplied into tl^e imits of the multi- 
phcand, will give hundreds for the first figure of the 
product, which must of course be set down under the 
hundreds' column ; hundreds and tens, multiplied together, 
will give thousands; hundreds and hundreds multiplied 
together will give ten thousands, &c. 

irthe multiplicir consists of four figures, its left-hand or 
thousands' figure multiphed into units, will give thousands 
for the first figure of the product, which must be set down 
under the thousands' column. Thousands multiplied into 
tens, gives tens of thousands ; into hundreds, gives hun- 
dreds of thousands ; and so on. ^ 

. It would be necessary to annex ciphers to the figures 
in these several products, to show their true places, if these 
places were not determined by the position of the figures 
with relation to other figures, whose places are known. 

1 A* If we again take the first example, which is to 

'4* 



1 
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multiply 697 by 3, we remark that since 697 is io be re- 
, peated 3 times, it may be done by writing it down 3 times, 
and then adding, thus : 

, 697 
697 
697 



2091 



And it is obvious that all questions of multiplication may 
be performed by addition: 

Hence^ multiplicalion is sometimes defined as being a con- 
cise way of performing several additions, 

NoTB. — Wben a zero or.O oceun in the multiplier, we may obeerre that tta pie* 
duet mint femain 0, linee nothing repeated any nanaber of timet ii ttill nothing. 



PEOOP PP MULTIPLICATION. 

17* If we interchange the multiplier and multiplicand, 
and then multiply, we shall obtain the same product if the 
work is right. (See Art. 1%5.) 

As in addition, these two results may be alike, and stil] 
the work may be wrong, since mistakes may occur in both 
operations. As good proof as any, is to carefully repeal 
the multiplication. 

When is multiplied by any number, what is the 'reeoltl Hew ii multiplteatfoi 
lometime* defined. How may muitipiicjition be proved?. Ii this method .iofalUbto' 
Why noti What is as good proof as any other 1 

CASE L 

ISm When the multiplier consists of only one figure. 
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Prom what has already been done, we deduce this 

r 
I 

RULE. 

Place the multiplier under the unit figure of the multi* 
fUeand. Draw a horinontal line underneath. 

Then muUiply each figure of the multiplicand by the mu^ 
UpUcTf observing to carry one for every ten^ as in addition. 

When the-multiplier coDiitti of but oim figure, liow do yoa prooeedl Whet rale 
do joo obeerve in carrying 1 



(1.) 

1234 
2 

1 2468 

•(4.) 
897654 
5 


EXAMPLES. 

(2.) ^ 

234156 
3 


(3.) 

612378 
4 


702468 


2449512 


(5) 
1003456 
6 


(6.) 

205670678 
7 


4488270 


6020736 


1439694746 


• 

(7.) (8.) 
653 1023456 89 1 030756078 

- a 9 


52248187648 8019276804702 


• 


CASE n. 


• 



^ 19. When the multiplier consists of more than i 
fifrure. 
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RULE. 

. /. Place the muUfplier under the mu^iplteand, so tha 
units may stand under unUsj tens undet tens, hundreds 
under hundreds, ^c. 

IL Multiply successively by each figure of the multiplier ^ 
as in Case /., observing to place the right-hand figure of each 
partial product directly under {he figure multiplied by. 

III. Then add together these partial products, and the 
sum will be the total product sought. 

r 

When the mollipUer contiita of mon than one figure, how do yov write itt Bmt 
do Toa then multiply 1 How do you add upf 



EXAMPLES* 



(I.) 

23474 
23 

70422 
46948 

539902 



* (2.) 
4567031 
147 

31969217 
18268124 
4567031 



(3.) 

4005604 
ft3 

12016812 
8011208 
4005604 



671353557' 492689292 



4. Multiply 12345 by 12. 

5. Multiply 23456 by 11. 

6. Multiply 34567 by 13. 

7. Multiply 780056 by 21. 

8. Multiply 6503456 by 234. 

9. Multiply 3471032 by 70056, Ans, 243J66617792. 
10. Multiply 1240578 by 302014. 



Ans. 148140. 

Ans. 258016. 

Ans, 449371. 

Ans. 16381176. 

^n^. .1521808704 
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11. Multiply 236678 by 753465. 

Ans. 177575124270. 

12. Multiply 98610275 by 35789. ' 

Ans. 3529163131975. 

CASE ra. 

30. When the multiplier, or multiplicand, or both, 
have one or more ciphers at the right. 

We know from what has been said, (Art. 4,) that 
multiplying by 10 is the same as annexing a cipher to the 
right of the figure or sum to be multiplied ; multiplying by 
100 is the same as annexing two ciphers to the right of 
the figfure or sum to be multiplied, ^9. ^ 

Hence w0 deduce this 

RULE. 

Multiply by th9 significant JigureSj{QS in Cas§ II,) and to 
the product annex as many ciphers as there are in both m«^ 
Hplier and multiplicand. 

When thera are ciphen at the rif hi of th« moHipiieri or nnilU|di<sa]id, or bodi, how 

■0 JOU piOO60d » 

EXAltFLES 

1. Multiply 365 by 10. Ans. 3650 

2. Multiply 12040 by 100. Ans. 1204000, 

3. Multiply 204500 by 3000. ^»^. 613500000. 

4. Multiply 7003000 by 240000. 

Ans. 168072000000a 
6. Multiply 307210000 by 3780000. 



46 BLEMBNTART ARITHMBTIO. 

CASE IV. 

31* When ^6 multiplier is a composite number. 

A composite number is one whicli may be x produced by 
multiplying two or more numbers together. Thus : 35 is 
a composite number, which may be produced by multiply- 
ing 5 and 7 together. 

The 5 and 7 are called the factors or component parts 
of 35. 

The factors of 12, are 3 and 4, or 2 and 6. 

Suppose we wish to multiply 48 by 35. 

If we first multiply 48 by 5, we find 240 for the pro- 
duct; if now we multiply this product by 7, we obtain 
1680, which is evidently the same as 35 times 48. 

Hence we infer this 

• 

RULE. 

Multiply the sum given by one vf the factors^ and this 
product by another factor, and so on^ until all the factors arn 
used. The last product will be the one sought, 

EXAMPLES. 

, 1. Multiply 865 by 28. 

The factors of 28 are 4 and 7. Hence we have this 

OrE&ATION. 

365 

4 one of the component parttk 



1460 

7 the other component ^rt 



10220 Ans. 
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2. Multiply 374 by 24 = 4 X 6 = 3 X 8 = 2 X 12 =r 
2x3x4. 



VntST OFERATIOlf. SECOND OPERATION. 

374 374 

4 Ipt Component part. 3 let compoaent part 



1496 1122 

6 2d component part. 8 2d component part 

Ans, 8976 Arts, 8976 



IHOID OFEKATTON. VOVKXt OFEIULTZON. 

374 374 

2 1st component part. 2 1st component part. 

748 * 748 

12 2d component part. 3 2d component part 



1496 2244 

748 4 3d component part. 

Ans, 8976 Ans. 8976 



' From the above exam];des, we see that it makes no dif- 
ference how we resolve the multiplier into factors, provided 
we muhiply in succession by ail the factors. 

What ii a composite number 1 What are the component pRrts? How do yon 
proceed when the multiplier is a composite number T Does it make any diflefenoe 
which component port we first multiply byl 

3. Multiply 345678 by 36 5= 6 x 6 =4 x 9 =± 3 x 12 =: 
3x3x4. Ans. \UV\\^. 
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4 Multiply 1002466 by 72 = 8 x 9= 2 X » X 3 X 4 
= 2 X 2 X 2 x*3 X 3.' Ans. 72176832. 

5. Multiply 7540102 by84 = 7x 12 = 3x4x7=2 
X 2 X 3 X 7. ^ Ans. 633368568. 

EXERCISES IN MULTIPLICATION. 

L Suppose I buy 15 loads of bricks, 6ach load contain 
ing 1250 bricks, how many bricks have I? 

Ans. 18750 bricks. 

2. In an orchard there afe 107 apple-trees, each produ 
cing 19 bushels of apples. How many bushels does the 
whol^ orchard yield 1 t Ans. 2033 bushels. 

3. If a person travel 17 days^al the rate of 37 miles 
each day, how many miles will he travel in all ? 

-Aiw. 629 miles. 

4. If a person buy 175 barrels of salt, each weighing 
804 pounds, how many pounds in b1\ wilt he have ? 

Ans. 53200 pounds. 

5. Suppose I purchase the following bill of merchandise: 

3 Firkins of butter, each 15 dollars. 
7 Hogsheads of molasses, each 23 dollars. 
12 Bags of coffee, each 1 1 dollars. 
5 Boxes of raisins, each 2 dollars. 
3 Boxes of letilons, each 5 dollars. 
How many dollars must I give for the whole? 

Ans. 363 dollars. 

6. How many dollars will the following bill of goods 
amount to ? 

52 Yards of black broadcloth, at 4 dollar^ per yard. 
40 Yards of Brussels carpeting^ at 2 dollars per yaid 
2 Sofas, each 56 dollars. 
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9 Mahogany chain, each 5 doDaiB. 
5 French bedsteads, each 7 ddlan. 

Ans, 480doUam. 

7. If the railroad extending between Albany and Buf- 
falo, a distance of 326 milesi cost 25649 dollars per mile, 
what was the entire cost? Ans. 8361574 dollars 

8. How many bushels of potatoes may be produced 
ftom 13 acres of land, if eadi acre produces 212 bushels f 

Ans, 2756 bushels. 

9. How much must be paid for constructing 18 i?iles of 
plank-road, at 4211 dollais per mile? Atis. 75798 dollars. 

10. How much will 543 cords of wood cost, at 5 dollais 
per cord? ^ Ans. 2715 dollars. • 

11. In one year there are 8766 houis, how many hours 
in 1848 years? jIm. 16199568 hours. 

12. In one cubic foot there are 1728 cubic inches, how 
many cubic inches in 17 cords of wood, each cord con- 
taining 128 cubic feet? Ans. 3760 12& cubic inches. 

13. What will 13 square miles of land cost, at 17 dol- 
lars per acre, there beiAg 640 acres in one mile ? 

Ans. 141440 dollars. 

14. How many miles will a steam locomotive pass in 
7 days of 24 hours each, if it move at the mte of 45 miles 
each hour ? Ans, 7560 miles. 

15. If the earth move in its orbit 68000 miles per hour, 
how far will it move in 365 days of 24 hours each ? 

Ans. 595680000 miles. 

16. If one mile of railroad require 1 16 tons of iron, worth 
63 dollars per ton, what will be the cost of sufficient iron 
to construct a road of 78 miles in length ? 

Ans. 479544 dollars. 

17. In an orchard of 105 apple trees the average ^ni- 

5 
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duce of each tree is 7 barrels of fruit, worth 3 doUais per 
banel. What Vas the income of the orchard ? « 

Ans. 2205 dollars. 



DIVISION OP SIMPLE NUMBERS. 

ftftm Division teachesthe method of finding how many 
times one number is contained in another. 

The number to be. divided is called the dividend. 

The number by which we divide is called the divisor* 

The number of times which the dividend contains the 
divisor is called the quotient. 

Besides these three parts the^e is sometimes a remain- 
der ^ which is of the same name as the dividencf, since it.is 
a part of it. 

The sign usually employed to indicate division is •^. 
Thus, 12 -i- 3, denotes that 12 is to be divided by 3, 

By using this sign we may form the following 

DIVISION TABLE. 



2-4-2 = 1 


3^3=1 


4-7-4=1 


5-5 = 1 


44-2=2 


6-i-3=2 


8h-4=2 


10-7-5=2 


6-f-2=3 


9-f-3=3 


12-4=3 


15-^5 = 3 


8-2=4 


l2-r-3 = 4 


16^4=4 


20-^5=4 


10-r2=5 


15-7-3=5 


204-4=5 


25-7-5=5 


12^2=6 


18-^3=6 


24-f-4=6 


30-4-5=6 


14^2=7 


21-f-3=7 


28^4=7 


35-4-5=7 


16H-2=a 


24h-3=8 


32-r-4=8 


40-5 = 8 


18^2=9 


27^3=9 


36-^4=9 


45^5=9 


/ 




■ 
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6 
13 
18 

24 
30 
36 
42 
48 
54 



6 

6 
6 
6 
6 
6 
-6 
-6 
6 



I 

:2 
:3 

:4 
:5 
:6 

:7 
:8 



-?-6=:9 



7^7: 
14H-7: 
21^7: 

28-;-7: 

35 -h7: 

42-^7: 
49^7: 

56-f-7 
63-7-7 



:1 

2 

:3 
:4 

5 

:6 

7 

:8 

9 



8-8: 
16-f.8; 
24 H- 8: 
32H-8; 
40^8: 
48-^-8: 

56^8 

64r-8: 

72^8: 



:1 

2 

:3 

:4 

5 

6 

:7 
:8 

9 



9 

18' 
27 
36 
45 
54 
63 
72 
81 



9i=l 
9=2 
9=3 
9=4 
9=5 
9 = 6 
9=7 
9=8 
9=9 



33. Division may also be represented by placing the 
divisor under the dividend, with a short horizontal line be 
tween them ; thus, -^ denotes that 10 is to be divided by 2. 

In the same v^^ay we have 
J5a=12-r-2; J^= 13-^3; Jji=17~5; ^=53^7. 

This method is employed, when in division there is a 
remainder, to express accurately the value of the quo- 
tient. 

What doM dmsion teath ? What it the number to be diTi'ded eallcil 1 What it 
the oamber by which we diTide called t What it the number oC timet which the 
dividend containt the divitor caHedl There it tonetimct another part, what it it t 
Of what name it the remaiitiderl What it the tymboi of divimon ? By what other 
method it divition denoted 1 

When the divisor consists of only one figure, we proceed 
as follows; 

Divide 973 by 7. 

Having placed the divisor at the 
left of the dividend, keeping them 
separate by means of a curved line, 
we draw a straight horizontal line 
uademeath. 



OPERATION. 



7)973 



139 quotient 
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We then say, 7 is contained in 9, 1 time and 2 re- 
mainder ; we write the 1 underneath. As the 9 occupies 
the hundreds' place, the 2 remainder must be 2 hundreds. 
The next figure, 7, to be divided, is tens, to which we add 
the 2 hundreds, or 20 tens', making 27 tens; which result 
is obtained by prefixing the 2 to the 7. Next, we see how 
many times 7 is contained in 27, which is 3 times and 6 
remainder; we place the 3 for the next figiire of the 
quQtient, and conceive the 6 to be prefixed to the next 
figure of the dividend, making 63 ; which is the same as 
adding 6 tens or 60 units to the 3 units. Finally, we find 

7 is contained in 63, 9 times. 

Thus 7 is contained 139 times in 973. Hen<?e, 139 
repeated 7 times must equal 973. 

iC4ft Suppose we wish to know how many times 8 is 
contained in 32. We might pjpoceed as follows : since 32 
is greater than 8, we know that 8 is ^contained in it, at 
least once; therefore, subtracting 8 from 32, we find 24 for 
a remainder. Again, we know that 8 is contained at leapt 
once in 24 ; therefore, subtracting 8 from 24, we have 16, 
from which, subtre^cting 8,^ we have left 8 ; finally, from 

8 subtracting 8, we have no remainder. Hence, we per- 
ceive that 8 has been subtracted 4 times from 32, that 
is, 8 is contained just four times in 32. It is obvious that 
by continued subtractions any operation in division may 
be performed. 

For this reason division is said to be a concise way of per- 
forming several subtractions. 

OASte I, 

9S* Short Division is the method of operation wher 
the divisor con»\ain of only one ^wi^. 
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From the preceding operation we infer the following 

RULE. 

I, Place the divisor at the left of the dividend^ keeping 
them separate by a curved line, and draw a straight line 
underneath the dividend. 

II, Seek how many times the divisor is contained 4n the 
left-hand figure or figures of the dividend^ and place the 
result directly beneath, for the first figure of the quotient, 

III, If there is no remainder, divide the next figure of the 
dividend for the next figure of the quotient. But when there 
is a remainder, conceive it to be prefixed to the next succeed' 
ing figure of the dividend before making the next division. 
If a figure of the dividend^ which is required to be divided, 
is less than the divisor, we must write m the quotient , and 
consider that figure as a remainder » 

Dhrition is said to be a eoncin way of perfonninf whatl What m Shoit DivisioQ 1 
Eapeat the rale. 

EXAMPLES. 

1. Divide 2345675 by 8. 

OPERATION. 

Divisor 8)2345675 dividend, 
auotient 293209 with 3 remainder. 



S6« When there is a remainder, we itoaj plade it over 
the divisor/ with a short horizontal line between theav^thua 

5* 
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indicating that this remainder is still to be divided by the 
divisor, agreeably to Art. S3. 



2. Divide 12456789 by 4. 

3. Divide 78900346 by 7. 

4. Divide 13 1305678^ by 6. 

5. Divide 357020348 by 3. 



Ans. 3114197^. 

Ans. 11271478, 

iln*. 21884279f 

Anj, 119006782f 



f (7A8E n. 

27. Long Division is the method of operation when 
the divisor consists of more than one figure. 

EXAMPLES. 

1. Divide 4703598 by 354. 



It requires 3 figures, 
470, of the dividend to. 
contain the divisor 354. 
This is contained once in 
470 ; we place the 1 at 
th^ right of the dividend 
for the first figure of the 
quotient, keeping it sep- 
arate from the dividlend 
by a curved line. Mul- 
tiplying the divisor by 
this quotient figure, and 
subtracting the product 
from 470, we have 116 for a remainder, to which we 
annex the next figure, 3, of the dividend, thus forming the 
number 1 163. We now seek how many times the divisor 
is contained in 1 163, which is 3 timea; We place the 3 for 
a second figure of the quotient. Multiplying the divisor. 



op£;ration. 

DxviBOR. DinoBin). . QvoTXBirrt 

354)4703598(13287 
354 first product. 

lT63 

1062 second product. 

1015 
708 t hird product. 

3079 

2832 f ourth pfroduct. 

: 2478 

2478 fifth product. 
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by this second %tire, and subtracting the product from 
1163, we find 101 for a second remainder; to which an- 
nexing 5, the next figure of the dividend, we have 1015. 
Thus we proceed till all the figures of the dividend have 
been brought down. 
From the above work we readily deduce the following 

RULE. 

/. Place the divisor ($t the left of the dividtnd, keeping 
them separate by a curved line, 

II. Seek how many times the divisor is contained in th$ 
fewest figures of the dividend that will contain it; set th$ 
figure expressing the number of times at the right of the 
dividefidfor the first figure of the quotient^ keeping dividend 
and quotient separate by means of a curved line, 

III. Multiply the divisor by this quotient figure^ and sub' 
tract the product from those figures of the dividend used^and 
to the remainder aninex the next figure of the dividend; then 
fin& how many times the divisor is contained in this new 
number J and write the result in the quotient. 

IV. Again, multiply the divisor by this last quotient 
figure, and subtract the product from the last number which 
was divided, and to the remainder annex the next figure of 
the dividend. Thus continue the operation until all the 
figures of the dividend have been brought down. 

Note 1. — Having l^roQght down a new figure, if the number 
thus formed be less than the divisor, it infill contain it times; we- 
therefore write in the quotient, and bring down another figure. 

Note 51. — If in multiplying the divisor by any quotient figure we 
obtain 41 product which exceeds the number we sought to divide, 
we most make the quotient figure smaller. 

Note 3.— If a remainder should be found larger than the divisor, 
&eqnotient£igaTemusihQXak&[i\hx%et. 
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98* If, now, taking the preceding eiJcample, we mut 

. tiplj the divisor by the quotient, we shall have this v 

. ■• . • ' . • 

OPERATION. 

354 
13287 



r' 



2478 first product. 

2S32 second product. 

708 third product. 
1062 fourth product. 
354 fifth product. 

4703698 



Here we discover that the products obtained by this 
multiplication, are the same as those obtained in the oper- 
ation of division, only they occur in a reverse order. In 
the operation of division, each succeeding product is placed 
one figure^ farther towards the right, while in the operation 
of multiplication, each succeeding product is placed one 
figure farther towards the left. Hence the sum of 'the 
products in the case of division, must be the same as the 
B^m in the case of multiplication. In the operation of di- 
vision, by the above rule, these products ^re successively 
subtracted from the corresponding parts of the dividend, 
until the whole is exhausted. Now we have ju'st shown 
by the operation of n^uitiphcation, that the sum of these 
I^Kiucts, taken in the order in which they stand, is equal 
to the dividend ITierefore the above rule for Long Division 
must be correct 

FHOOF. 

f 

From what has been said, we al«o infer that this method 
of long divkion proves kseU as we iptockwdi Vvx\v\.>cvfe^ts^ 



DIYI8ION. 07 

siitoe we hare only to add the successive products, and 
the jremainder, if aaj, to obtam the dividend. 

Whftt n liOBg DiTiaion 1 How do yoa place the numben ? Repeat tbe rale. H^ 
after faavin^ broaght down a dew figure, the retult it leu than the divtMir, how do yea 
piDceed 1 When the partial product U greater than the namlAr which ura* suppoeed 
to contain tbe.diviior, how do yon do ? When the remainder ia greater than the di- 
vter, how do yoir jpoceedl Ejcplain the method ci proof. 

2. Divide 175678 by 223. 



OPERATION. 



223) 175678 (787 

1561 first product 

1957 

1784 second product. 

-.1.1 4 

1738 

1561 third product 

177 remainder. 



If we take the sum of the successive products and the 
remainder, adding them as they now stand in the above 
work, we shall obtain 175678; which, agreeing with the 
dividend, proves the accuracy of the division. This method 
of proving ^division is perhaps as simple and brief as any 
method which can be devised. 

The common method of proving Division, and one which 
ifi applicable to Short Division as well as to Long Division, 
is to multiply the divisor and quotient together, ^nd to add 
in the remainder, if any. 

3. Divide 7892343 by 139. Ans, 56779 ftft- 

4. Divide 177575124270 by 755465: ' Aivs- ^^^^l'^. 
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5. Divide 34789205 by 64634. Ans. 539 eWA*. 
,6. Divide 123456789 by 789. Ans. i56472Ht. 
'7. Divide 6763447 by 678509. . Ans. gfHf«. 

8. Divide 1621808704 by 6603456. Ans. 234 

9. Divide 243166625648 by 3471032.. 

Ans. 70066 with 7866 remainder. 

10. Divide 166168212890625 by 12890626.* 

Ans. 12890626. 

11. Divide 11963109376 by 109376. Ans. 109376 

• / 

CASE lU. 

39* When the divisor is a cdmpdsite number. 

We have seen (Art. SI,) that, in multiplication, wheii 
the multiplier is a composite number, the product may be 
found by multiplying by the factors successively. 

Now, as division is the reverse process of multiplication, 
it is plain that when the divisor is a composite number, 
the quotient may be found by dividing by the factora 
successively. 

Divide 944 by 10/^=3 x5 x7. 



In this division, we 
find the different re- 
mainders in succession. 

Let us now seek the 
true remainder, or that , 
remainder which would ' 
have been found, had 
we at once divided the 944 by 1 05. 

Since each unit of the 62 is 6 times as great as each 



OPERATION. 

1st factor 3)944 
2d factor 6)314 2= 1st rem. 
3d factor 7)62 4= 2d rem. 
quotient 8. 6=3d rem. 



* Tbi* gueittioD and its suceMding one ar6 worthy of notice, siii.ee tfae termiiMl 
i^;un» of the dividend, divisor, and qooiient, axe iW tanva. 



DIVISION. 

unit of 314, it follows, that each unit of the 3d lemaincler, 
6, which is a part of 62, is also 5 times as great as ejch 
unit of 314. Hence the remainder 6 is the same as 5 
times 6, or 30, units of the same kind as those of 3 1 4 ; but 
the 2d remainder 4, being a part of 314, and of the same 
order, should be added to 30, making 34^ for the true 
remainder arising from dividing 314 by 35 or 5x7. 
Again, since each imit of 314 is 3 times 98 great as each 
unit of 944, it foll<?ws, that e^ch unit of the 34 is also 3 
times as great as each unit of 944. Hence the remainder 
34 is the same as 3 times 34=102 units of the same 
kind as 944 ; but the Ist remainder, 2, being a part of 944, 
IB of the same order; so that 102+2=104, is the t^ie 
remainder required. 

From the foregoing operation and reasoning, we deduce 
the following 

RULE. 

Divide the given sum by one of the factors of the divisor j 
and that quotient by onother foctoir^ and so on, until all the 
factors have been used. Thfi last quotient wiU be the quo- 
tient sought. It makes no difference in what order the fac- 
tors are used. 

To obtain the^ true remainder, we must observe the fol* 
lowing 

RULE. 

Multiply the last remainder by the divisor preceding the 
last J and add in the preceding remainder ; multiply this sum 
by the next preceding divisor^ and add in the next preceding 
remainder ; so continue this reverse process until you haoo 
muU^ied by aillihe divisors except the last. 



CM) 



ilementaHy arithmetic. 



llow dd joo piooatd whra the divipor b a Mmpmito nnmbef 1 Dcm M make wag 
differenoe which factor we fint divide by ? When there are leveral rrmiinrtM^ 
iBpl^in how the true remainder is obtained. 



* EXAMPLES. 



1. Divide 8a9 by 120. 

We will resolve 120 into 
the three factors, 4 x 5 x &^ 
120. Now, proceding agree- 
ably to the rule, we have 
the annexed operation. 



OPEKATION. 

4)839 

6)209 3=fir8t rem. 

6 )41 4 =;8econd rem. 

6 .5= third rem. 



Now, to obtaih the true remainder, we have this 



OPERATION. 






OB 



0) 



s "§ 



bo 3 

q g 



■•§ 



t> a 

O 

•'3 & 




cu cu 






0) 

c 
'3 



5x5+4=2a Again, 29x4+3 = 1 19. 

Had there been more than three factors, the operation 
would have been equally simple, but a little more lengthy. 

2. Divide S217 by 35=5 x 7. Ans. 234 with 27 rem. 
8. Divide 33678 by 15=3 x 6. Ans. 2245 with 3 rem. 
4. Divide 9591 by 72=8 x9. Ans. 133 with 15 rem. 
*. Divide 10859 by 49=:7 xT. Ans, 2^1 vrith 30 rem. 



DITIBION. Ql 

CASE IV. 

SO* When the divisor ends with one or more ciphers. 

We have seen (ARt. 4,) that a number is mahiplied 
by 10 by annexing a cipher; it is mjltiplied by 100 by 
annexing two ciphers ; by 1000 by annexing three ciphers, 
&c. Conversely, a number is divided by 10 by cutting oft 
one figure from the right ; it is divided by 100 by cutting 
off two figures from the right, d^c. 

... ) ■ ■ ■ •. 

EXAMPLES. 



OPERATION. 

2[0) 247|5 

123 15 remainder. 



1. Divide 2475 by 20. 

Having cut off the 5 from 
the right of the dividend, and' 
the from the right of the 
divisor, which is, in effect, 
dividing both dividend and 
divisor by 10, we proceed to divide 247 by 2, (Art, 9S.) 
We obtain 123 for a quotient and 1 for a remainder. 
This remainder is 1 ten, since it is a part of the 7 of the 
dividend which occupies the ^ ten's place; annexing the 
5 units, which was cut off, to the 1 ten which re- 
mained, we have 1 ten and 5 units, or 15 for the true 
remainder. 

NoTB. This case may be comprised under Cisf. III., Abt. M* 
Thus, taking the preceding example, the divisor 20=^X10. 
Dividing 2475 first by 10, which division is effected by catting 
off the right-band figare, 5, we have 247 for the first quotient, and 
5 for the first remainder. Next, dividing 247 by 2, we find 123 for 
the quotient sought, and 1 for the second icxnainder. 

Now, by the rule under the case referred to, we find the tnie le* 
maindertobelxl0+5=lb, 

6 
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OPERATION. 



37100)45678194(1234 

86 

11 
127 
HI 

lei 

148 
2094=rem. 



2. Divide 4567894 by 3700. 
If. in this second estample, we 

regard the divisoi; 3700 as a 
composite jiuinber, whose fac- 
tors are 100 x 37 == 3700, the ex- 
ample will also properly come 
under Case III; acc<H:ding to 
which, the 94 cut off from the 
right of the dividend is to be 
considered the first remainder^ 
and the 20 is the last remainder. 
Hence» the (rue remaiitder is 20 x 100+94=:2094. 
From the above operations we deduce this 

RULE. 

CiU off from the right of the dividend as mon^ figures of 
there are ciphers at the right of the divisor ; divide whM 
remains by the divisor without the ciphers at its right. To 
the final remainder annett the figures cut off from the divi- 
dendyfor the true remainder. 

How do yoQ proceed when there lun ciphen at the right of the diTiaor) 

3. Divide 7123545 by 421000. Ans. 16 and 387545 rem. 

4. Divide 1212121212 by 42000. 

Ans, 28860 and 1212 rem. 

5. Divide 123456789 by 12300. Ans, 10037 aad 1689 rem. 

6. Three men are to share equally in the sum of 1236 
dollars. How many dollars will eskch have? ^it^. 412 dolls. 

7. Divide 1245 acres of land equally between five 
brothers. Ans, Each has ^9 acres. 

8. It is about 95000000 miles from here to the sun. 
Now, admitting that it requires 8 minutes ibr Hght to pass 
from the sun to the earth, how many miles does it pass in 

one minute 7 Ans. \\%1^^^^ \3K\%a. 



QUESTIONS IN THE POCK GROUND RULES. ^ 

9. Allowing 22 Inricksto be sufficient to make one 
cubic foot of masonry^ how many cubic feet are th^e in 
a work, which requires 100000 bricks ? ' 

Ans. 4545 cubic feet and 10 brick remaining 

10. The ckcumference of the earth is about 25000 miles. 
How long would it require for a person to travel around it, 
if be could pass uninterruptedlj at the rate of 200 miles 
per day? Ans, 125 days. 

11. In 1845 the extent of post-roads in the tJnited States 
was 143940 miles, and the amount paid for the transport- 
ation of the mail during the same year was 2905504 dol- 
lars. How. much ^as the average expense per mile ? 

m^(9ff» Ans. Between 20 and 21 dollars. 

12. TKtl' distance of Uranus from the sun is about 
1860624000 miles. How many hours would it require to 
pass this (hstance at 18 miles per hour? Also, how many 
days, and how many years, cou^Ung 24 hours to theday^ 
and 365 days to the year? 

It would require 103368000 hours. 
Ans A « « « 4307000 days. 

^ « « " 1 1800 years. 

13. How mahy battels of apples, at 3 dollars per barrel, 
Can I buy for 2568 dollars ? And if one tree produce 8 
barrels, how many trees will be required to yield the re- 
quired amount ? i C 856 barrels. 

107 trees. 

81* QUES-nONS mVOLVINO THE FOUR GROUND RULES. 

1. A person owes to oi;ie man 375 dollars, to another he 
Owes 708 dollars, to a third man he owes 9 1 1 dollars. How 
much does he owe to the three men 1 Ans . \^^^i ^qJ\ik», 
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2. A farmer has sheep in five fields ; in the first, he has 
917; in the second, 249 ; in the third, 413; in the fourth^ 
1000 ; and in the fifth, he has 197. How many sheep hag 
he in the five fields ? Ans, 2776 sheep. 

3. A person owes to one man .302 dollars, to another 
man he owes 7€7 dollars, and has owing to him 2000 dol* 
lars. How mucti will remain after paying his debts ? 

Ans. 991 dollars. 

4. A fc^rmer receives for his wheat 103 dollars, fbr his 
com 60 dollars, for his butter 511 dollars, for his cheese 
1212 doUai^, for hia pork 601 dollars. He pa3rs towards 
a new >farm 1000 dollars, fof a new w?igon 50 dollars, for 
hired help on Ixis farm 290 dollars, for repairing house 173 
dollars. How much money has he remaining ? 

Ans, 974doHar8w 

5. A person wills 1200 jdollara to his wife, 300 doUaifr 
for charitable purposes, and wjiat reptiainsis to be equally 
divided among 6 children. Allowing his property to 
arnount to 8562 dollars, how much wpuld each child have? 

^n^. 1177 dollars. 

6. A man gave 13558 dollars for a farm ; h^ then sold 73. 
acres, at. 75 dollars per acre; the remainder stood him in 
at 59 dollars per acre*. How many acres did he purchase? 

* Ans. 210 acres. 

7. Four boys divide 336 apples as follows: the first 
takes one sixth of the whole ; the second takes one fourth 
of what was left ; the third takes one half of what was 
then left ; the fourth has the remainder. What number 



of apples did each boy have ? 

Ans. 



The first had 66. 
The second h^d 70. 
The third had 105. 
L The fourth had 105, 
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8. An estate of 8100 dollars was divided among 9 chil- 
Aen in th« following way: the first had 100 dollars and 
one tenth of the remainder ; after this the second had 200 
dollars and one tenth of the residue ; again, the third had 
300 dollars and one tenth of the remainder, and so on ; 
each succeeding ehild had 100 dollars more than the one 
immediately preceding, leind then one tenth of what still 
remained. What was the share of eaoh ? 

ji C They shared equal ; each 
^^i had 900 dolkrs. 

9. A and B each owe C: A owes 1472 dollars, which 
18 less than what B owes him, and yet the difference be- 
tween A's and B's debts is 719 dollars. How much does 
BoweC? iln*. 2191 dollars. 

10. Admitting the earth to move 68000 ipiles per hour, 
how far will it move in one day; and how far in a year 
of 365 days ? 



. i 1632000 miles in one day. 
' \ 595680000 miles in one year. 



1 1. If the President of the United States expends daily 
60 dollars, how much will he be able to save at the end 
of the 365, out of his salary of 25000 dollars ? 

Afis. 3100 dollars. 

12. An army, consisting of 4525 men, have 103075 
loaves of bread. At the end of 21 days, 500 men are killed 
in a battle. Now, if each man in each day eat one loaf 
of bread, how many days after the- battle will the bread 
sustain the army ? Ans. 2 days. 

13; Two locomotives start froi^ the same place, and 
move in the same direction ; the first goes 25 miles each 
hour, the second only 15^ miles. After the first has passed 
a distance of 100 mites it commences, a backward motion, 
mamiainin^ the same velocity, until il tn^u ihfi ««CAY\dL 

6* 
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locomotive.. How manj hours after starting will they 
meet ? And at what distance will the;f meet from the 
starting point 1 a S' They will meet in 5 hours, 

( at a distance of 75 miles. 
14. One hundred miles of railroad track are to be laid 
with heavy rail, requiring 116 tons to the mile. After 
receiving iron at 52 dollars per ton to lay 6S miles, the 
price per ton was increased $o as to make the whole cost 
of the entire/ road 612944 dollars. What was the latter 
price per ton of the Jron 2 Ans, 54 dollais. 



FRACTIONS. 



39* A fraction is a part of a unit. 

Several methods are used to express ffactions or parts 
of units, which give rise to several distinct kinds of frac- 
tions. Those usually employed in arithmetic are Vulgar 
or Common Feactj&ns, and Decimal Fractions. 

What it a fraction 1 What two m«tbods are nraaliy employed to ezpren fiaetioui f 



VULGAR FRACTIONS, 



Vulgar fractions consist of two distinct parts or 
terms, the one written ahpve the other, with a stmight 
horizontal line hetNireen them,^a8 in division, (Art. 38») 
The n\imber above the line is called the numeratot. The 
number below the line is called the denoffninator, Tha 



VULGAR FRACTION^. (|7 

denoounator shows how many parts the unit is divided 
into ; and the numerator shows how many parts are used. 

Thus -^^ is a vulgar fraction, whose numerator is 5 and 
denominators: ii is xead Jive eighths. 

A vulgar fraction may be considered a concise method 
of expressing division, (Art. 93,) where the numerator 
corresponds to the dividend, and the denominator to the 
divisor. Thus -f is the same as* 5 di'idded by 8, and it 
may therefore be read 6ne eighth of jixe^ or, as above, fiv€ 
eighths of one. In the same way ■!> indicates that 1 is 
divided into 9 equal parts : it is read icne ninth of on^. 
After the same manner, 

•f- is read one seventh of three, or three sevenths of one, 
f is read oneffth of four, ox four fifths ofon^. 
fx is read one eleventh of six, or six elevenths of one. 
f is reaxl ofie ninth of eight, or eight ninths of one. 
&o. &c. &c. 

The fraction f denotes that 5 is to be divided by 7. 
u j^ « ' 13 

a JLJL « 17 

« ft « 3 

i « 1 

« i « 1 

" f « 2 

ice. &c. 

When the numerator is equal to the denominator, the 
value of the fraction is a unit., , ^ 

When the nutnerator is less than the denominator, the 
▼alue is less than a unit, and the expression is called a 
^oper fraction. 



u 


4. 


a 


,8. 


tt 


12. 


u 


2. 


tt 


3. 


a 


4. 


u 


5. 




&c. 
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When the numerator is greater than the denomfhatot, 
the value is greater than a unit, and the expression is called 
b:^ improper fraction. 

Thus, each of the expressions, f, i, +8^, +1, Ac, is equal 
to a imit. 

IBadh of the expressions, •^, f , f , -f, f, j^^, &<$., is a 
proper fraction. 

Each of, the expressions, -f, -f, f, -Jf, f, -H? &c., is an 
improper fraction. 

When a whole number and fraction are connected, the 
expression is called '^ nwxied number. Thus, 4-J-, 3-f, 5(^, 
2|f, &c., are mixed numbers. The whole number is 
called the i>>/€r^ra//»^r/ of the expre8sion,and the fraction is 
called ihe fractional part. 

When several fractions are connected by the word of^ 
the expression is called a compound friiction. The ex- 
pressions, -J- of -J of f, f of f of f of -H, f of -f of f of I, 
&c., are compound fractions. 

Any number may be made to assume the form of an 
improper fraction, by writing under it a unit for the de- 
nominator. Thus, 2, 3, 4, 6, 7, &c., are the same as 
f , f , +, ^, f , &c. 

Fractions sometimes occur, in which the numerator, or 
denominator, or both, are themselves fractional ; such ex* 
T^Xii^B,\o\\^ Bite CdWed. complex fractions. 

Thus, ?i,l,?*,M,&c., ar^ complex fractions. 
4, 7+,3+,9A„ 

A fri»clion is said to be inverted when the numerator 
and denominator exchange places. Thus: the fractions, 
f ■?? \ hi i, h when inverted, become f , f, f , y, -J, -J. 

What is a vulgat fractton 1 Which is the nuin«rator of a vulgar fraction ? Whi^ 
thadenotninaUirl What do6« the denominator show? W^hat does the nanierator 
thaw t In the vulgar frnction five eieHtha, vrYixcht \» tlv« nuraeratur, and wbieh tb* 
doHUttiam tor 7 How is it rea4i 1 WVtal m&^ «l vu\|;a.t Cim^VxqaXa cqy\v4«w^ «. ^mama 
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vpf of AKpfewii^ ? In a volgar fraction, which part eonesponds to the dividend, m^ 
which to the divisor 1 What it tlw vatoe of the fraction, when the numerator is equal 
to the denominator 1 When h the value lest than a unit 1 What it the fraction then 
etUed 1 V\ hen is the valae greater thait a oaitl What is the fraction then eatledl 
Gire examples of proper fractions. Give examples of improper fractions. When a 
Whole number and fraction are connected, what is the expression called 1 Give ex 
imples. When several fractions aie connected by the word of, what kind of a ttnio- 
tion is it then called 1 Give examples. When the numerator, or denominator, or 
V)tb, are already fractional, what are they called 1 Give examples. When is a frae- 
tiflo said to be inverted t Give examples. 



REDUCTION OF FRACTIONS. 

34* In division, the divisary dividend and quotient are 
10 related, thai the product of the divisor and quotient is 
always equal to the dividend. Hence, the divisor and quo- 
tient may be interchanged ; that is, if the dividend be 
divided by , the quotient, the result will be the divisor. It 
is also obvious, that, with the same divisor, twice as great 
a dividend will give twice as great a quotient ; thrice as 
great a dividend will give thrice as great a quotient ; and 
in general, the effect of multiplying the dividend by any 
number is to multiply the; quotient by the same number. 
On the o' her hand, if the dividend remain the same, mul- 
tiplying the divisor by any number produces the same 
eflfect as dividing the quotient by the same number. Con- 
sequently, if we multiply both dividend and divisor by' the 
lame number, it will produce no change in the quotient 

Again, it is obvious, that with the same divisor, half a« 
great a dividend will give but half as great a quotient; 
one-third as great a divideitd 'rtrill give one third as great 
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a" quotient; and in general, the efteci of dividing the 
dividend by any number, is to divide the- quotient by the 
same number. On the other hand, if the dividend remain 
the same, dividing the divisor by any number produces the 
-same ef]^ct as multipljring the quotient by the same num- 
ber. Consequently, if we divide both dividend and divisor 
by. the san^ number, it will produce no change in the 
quotient. 

[f, now, ^e call to mind that the value of a fraction is 
the quotient arising from dividing the numerator by the 
denominator, we readily infer the following 

PROPOSITIONS. 

/. That, multipli^ng the numerator by any number is the 
same as multiplying the value of the fraction by the same 
number. , 

II. T^at, multiplying the denominator by any number is 
the same as divifling the value of the fraction by the same 
number. 

III. That, multiplying both numerator and denominator 
by any number does not alter the valite of the fraction. 

IV. Thatf dividing the numerator by any number is the 
same as dividing the value of the ft action by the same number. 

V. That, dividing the denominator by any number is the 
same^ as multiplying the value of tite fraction by the fame 
number. . ^ 

VI. That, dividing both numerator and denominator by 
the same number does not alter the value of the frhction. 

OREAl^eST COMMON DIVISOR. 

IS3. The greatest common divisor of two or moiv 
numbers, is the greatest number which will divide them 
without any remainder. 
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Before proceeding to find the greatest common divisor of 
two numbers, we will show that any number which will 
divide iwo numbers exactly, will also divide their difference. 

Suppose we have a common divisor of 636 and 276 ; 
this will also exactly divide 360, their diflference. For, 
636 is made up of the two parts 276 and 360, so that any 
number which will exactly divide 636, will also divide 
276 -f- 360 ; if a divisor of 636 will at the same time divide 
one of its parts, 276, it will of necessity divide the other 
part, 360. Hence a common divisor of 636 and 276 is 
also a divisor of their di£ference, 360. 

As the divisor which is common to 636 and 276, is also 
a divisor of 360, it must be a common divisor of 360 and 
276, and consequently of 84, the difference between 360 
and 276 ; and in general, when any two numbers have a 
common divisor, and we, subtract any number of times the 
fmaller number from the larger, the remainder will be 
exactly divisible by this common divisor. 

What, now, is the greatest common, divisor of 360 and 
876. ^ 

The greatest divisdr cannot Exceed the less number, 276. 
But 276 will not divide the other number, 360, without a 
remainder, 84. Hence, the greatest divisoV of 276 and 84 
must be the greatest common divisor of 360 and 276. 
Again, dividing 276 by 84, we find 3, quotient, and 24, 
remainder. So the greatest common divisor of 84 and 24 
18 also the greatest common divisor of 276 and 84, and ' 
consequently of 3$0 and 276. Now, dividing 84 by 24, 
we firtd the quotient 3, and remainder 12. Finally, divi- 
ding 24. by 12, we find it is contained exactly twice; so 
that the greatest common divisor of 24 and 12 is 1 2 : con- ^ 
gequentiy, i 2 ij? the greatest common dmsot o^ ^^^ ^tL\ 
276. We will exhibit in one point of vie'W x\i^ ^Jocn^. 



\ 
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OPEEATION. 



276)360(1 
276 



84)276(3 
252 



24)34(3 
72 



12)24(2 
24 



Hence, to find the greatest common dirisorof two num- 
bers, we deduce this 



RULE. 

Divide the greaternumher by the les^ythen the less numbif 
hy the remainder ; thus continue to divide the last divisor by 
the last remainder, until there is no remainder. The last 
divisor mil be the greatest common divisor, ' 

KoTE.— When there are more than two numbers whose greatest 
common divisor is required, we must find the greatest commtm di- 
tisor ofany two, andth^n finid the greatest coiiEimon divisor bf this 
divisor thus found, and ote of the rematning nnmber^; and thus 
continue until ^11 the difiereni numbers have been used. 

Whnt \* the greatett common ^ivimr of two or more numhera 1 Bepeot the rule 
for finding the irrentelt common dtvitoir of tiro numben. HoV do you proceed whM 
I Are more than two number* % . 
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EXAMPLES. 



I. Fbd U» greatest commoii dhrMor of 992 aflid 999 



OFE&ATION. 



592)999(1 
592 



407)592(1 
407 



185)407(2 
370 



87)185(5 
185 





From which we obtain 97 for tha greatest common 
diTiBor of 592 and 999. 

2. What Ib the giea^ett aaaunon diviaar of 402^ 744, 
aiid9M? 

We fint find the giaateet eommon divisar of 492 and 
744 hj the following 

OTEaATION. 

492)744(1 
492 



262)492(1 
252 



240)252(1 
240 



12)240(20 
240 



1 
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Therefore, the greatest common diyisor of 492 and 744 - 
la 12. 

Again, pxoceediog with 12 and 906, we have the fol- 
lowing 

o^ebjition. 

12)906(75 
900 



6)12(2 
12 



We thuB find 6 to be the greatest common divisor of 12 
and 906, and consequently of the three numbers, 492, 744, 
and 906. 

3. What is the greatest common dUvispr of 315 ' and 
405? JiiM. 45. 

4. What k the greatest cmnmon divisorof 1825 and 
2655? Ans. 6. 

5. What is the greatest Qommon divisor of 506 and 
308? An& 22. 

6. What is the greatest common divisor of .404 and 
364? Ans. 4 

7. What is the greatest common divisor of 246, 372, 
and 522? Ans, 6. 

SO. We are now prepared to proceed to the reduction 
of fractions. 

We know (Peop. VL* Art. 34) that we can divide 
both numerator and denominator of a fraction by any num- 
ber without altering its value. If we divide by the great- 
est common divisor, the resulting fraction will be in its 
foweat terms. 
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Therefore, to reduce a fraction to its lowest terms, wo 
have this 

RULE. 

Divide both numerator and denominator hy their greatest 
common divisor. 

How do yoa vednee a fiBetioa to its knrait tenati 



£XAUFIjI^8> 

1. Reduce -fff to its lowest terms. 

We have already found (Ez. 1, Art. 3<S,) the gpreatest 
common divisor of 592 and 999 to he 87. Dividing hoth 
these terms by 37, we find 16 and 27 for quotients : hence, 
ff f , when reduced to its lowest terms, becomes -jtf . 

2. Reduce -frHJ ^o its lowest terms. Ans. '^. 

3. Reduce fi, /J^, iV%, *o their lowest tenns. 

Ans. i, i, f 

4. Reduce -fjf toits Idwest terms. Ans. f. 

5. Reduce iVA ^o its lowest terms. Ans. ft. 
6; Reduce -f^ to its lowest terms. Ans. -f. 

7. Redutoe tHt ^o its lowest terms. Ans. rir- 

8. Reduce |4-J-^ to its lowest terms. Ans. -flr. 

9. Reduce fHlf to its lowest terms. Ans. f^. 
10. Reduce jJH 't to its lowest terms. j4n*. f. 

We may frequently discover numbers, by inspection, 
which will divide both numerator and denominator without 
a remainder. When this is the case, we nee^ not resort 
to the rule for obtaining the greatest bommon divisor, 
until we have divided by such numbers. 



I ,■ 
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11. Reduce f^f to its lowest terms. 

(n this example, we firsv divide the numerator and de- 
nominator bj 4, which reduces the fraction to tf} |. We 
again divide by 4, and obtain fff-. Dividing the numera- 
tor and denominator of this last fraction bj 4, we obtain 
•f^j which is still further reduced by dividing three suc- 
cessive times by 3. 

-T-4 -1 -7-4 -T-3 -r-3 -r3. 

12. Reduce Hf to its lowest terms. 

-1-2' -T-3 -T-3 -r-3 -i-S. 

13. Reduce fH,to its lowest terms. Ans. |w 

14. Reduce +ff| to .its lowest t^rms. Ans. ^ 

15. Reduce jtijj tp its lowest terms. Ans. -f^. 
1(5. Reduce f |^f8i| to its lowest tera^^ Ans. f. 

37. To reduce an improper fraction to a whole or mix- 
ed number. 

Reduce -ff to a mixed number. 

Since the value of a fraction is the quotient arising 
fipm dividing the numerator by the denominator, (Art. 
S4:7) we may find the value of -fl, by dividing 95 by 13. 
Performing the division, we find 7 fcnr the quotient, and 4 
for a remainder. Hence -1^=7-1^. (Art. SMI«) 

From which we have the following ■ r 

RULE. 

Divide the numerator by the denominator; the ^[uotiefUwiU " 
be the integral part of the mixed number. The remainder 
being placed over the denominator cfth^ ifnpr<>per fraction^ 
wilT/orm the fractional part. 
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EXAlfPLES. 

1. Reduce -g-f- ^^ & mixed number. Ans. 2f. 

2, Reduce -V, -ff, to mixed nimibere. Ans. llf *7i. 
3; Reduce ^, ^, to mixed numbera. Ans, 8|-, 8f , 

4. Reduce J-f*- to a mixed number. Ans. l&f. 

5. Reduce -Hfi^ *<> fl* mixed number. -Ajw. Slfff- 

6. Reduce -^f^ to a mixed number. Ans. Si^ff. 

7. Reduce ^ft4*^ to a mixed number. Ans, 32TVr- 

8. Reduce -Hf^ to a mixed number. Ans. 88-H-. 

9. Reduce YaW to a mixed number, iliw. 10-||-^. 
38* To reduce a mixed number to an improper fraction. 
Reduce the mixed number 37-f to an improper fraction. 

If we multip\y the fractional part, f, by ^, the product 
will be 3. (Art. 34.) Multiplying 37 by 8 we obtain 
296, to which adding 3, we find 299 for 8 times 37f. 
Hence 37f is equal to 299 divided by 8, that is, to -H*-- 
Hence, we have this 

RULE. 

» 

Multiply the integral part of the mixed number by the de^ 
nominates of the fractional part ;, to the product add the 
numeratjr of the fractional part ; the sum will be the numera-- 
for of the improper fr^iction ; under which place the denqmi" 
nator of the fractional part. 

This rule is obviously correct, since it is the reverse of 
the rule, (Art. 37j) where a reverse operation was re- 
quired to be performed. / ■ 

EXAMFLE& 

1. Reduce 4i to an improper fraction. Ans, |v 

2. Reduce .3i, 7f , to improper fractions. Ans, -V^, ^. 

3. Reduce 8^, l-^y to improper fractions. Ans*' -^^ -^ 

7» 



If 
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4. Reduce 8 1 Iff to an improper fraction. Aiw. -Hfi^ 

5. Reduce 37^ to an, improper fraction. Ans. -"-fl^ 

6. Reduce 3-Jf+ to an improper fraction. Ans. -W^* 

7. Reduce 7-Hr to an improper fraction. Ans, •^. 

8. Reduce 365-|^ to an improper fraction, 

Ahs. ^-^^ifA. 

9. Reduce 1234|-f lo an improper fraction. 

Ans. gftflVa . 

J 10. Reduce 77-i^ to an improper fraction. Ans. -V^. 

30. Let us endeavor* to reduce the compound frac- 
tion f of 1^ to an equivalent simple fraction. 

i of -A- can be obtained by dividing the value of the 
fraction -ft- by 4, which {by Prop. II., Art. 34,) can be 
effected by multiplying the denominator by 4; therefore, 

■I- of -fr equals — --. 
4X11 

Again, ■}• of -ft- is obviously three limes^ as great as -J- 
of -fx] therefore, to obtain -J of -ft-, we must multiply* 

7 
by 3, which (by Prop. I., Art. 3^,) can be done by 

4x11 - 

multipl3dng the numerator by 3 ; hence we haVe f of -ft-= 
3x7 ^21 

4xll"*"44' 

Therefore, to reduce compound fractions to their equiva- 
lent simple ones, we have this 



RULE. 



( 



Consider the toord OT, which connects the fractional parts^ 
as equivalent to the' sign of fnultiplication. Then fnulhjAy 
all the numerators together for anew numerator^ and all 
t^ danominiUars together for a netb denomiiuitoY ; alu)a>)% 
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tbsenring to refect er emund ^tieA factors as are common ti 
ike numerators and denonAnators^ wJUcA is the same as Ji< 
tiding both numerator and denominator by the same numbers, 
and which {by Prop. YI, Art. S4,) does not change th 
wdue of the resulting fraction. 

Eapaat tfaa Rola lor ndneiag • eonpoond tkaiMam !• aahvlt 



1. Reduce -^ of f of iV of -A^ to its equivalent simple 
fraction. 

Substituting the sign of multiplication for the word of 
we get iX^X-fsX-fs. First, cancelling the 8 of thi 
numerator against the 2 and 4 of the denominator, b^ 
drawing a line across them, we get 



13 t ^ 5 
-x-x — X— . 

^ ^ 15 12 



Again, cancelling the 3 and 5 of the numemtor against 
the 15 of the denominator, we finally obtain 



ZiX-X—X-^-—, 

t A X$ 12 12 



2. Reduce f of +1^ of -J of t of -ft- to its simplest form. 
First, eancelling the 7 and 5 of the numerator against 
the 35 of the denominator, we get 



3 U t 4: $ 

"" X -rtr X - X - X — . 

7 W 8 9 11 



Again, cancelling the 7 of the denominator against 
the same factor of the 14 of the numerator, and th^ 3 of 
the numerator against the same factor of the 9 of the de- 
nominator, we obtain 

2 

$ u i i i 

* $$ 8 ♦ U. 
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I^allj, cancelling the 2 and 4 of the numerator agaiMl *^ 
B 8 of the denominator, we get "^ 

t^Xik }t it $ 1 

t W t 11 se- ' - 

• •• 

^OTB.— We have written oar fractions several times, in ordei 
i more clearly to exhibit the process of cancelling. But in prac* 
e, it will not be necessary to write the fractions ntore than once, 
will make no diffev^ioe which of the factors is fir^t cancelled, 
hen all the common factors have in this way been stricken enti 
) fraction will then s^ipear in its lowest terms. 

3. Reduce f of f of f of -f to its simplest form. 

Alls, -J. 

4. Reduce f of •}- of -f of -f to itp simplest form. 

Ans, ffig. 
6. Reduce I' of -Jf of if of f of -H" to its simplest form. 

Ans, t\. I 

6. Reduce -(^ of 2^ of 3-^ of 6 to its simplest form. | 

. Ans, 26. * 

7. Reduce -J^ of f of f of -^ to its simplest form. 

Ans. iV- I 

8. Reduce •)• of i oiT 4f- of 44 of ffr to its simplest form. f 

AnS, *iV- 

9. Reduce jt of f of if of -f of f of 4^ to its simplest 
rm. . Ans. nft-. 
.Q. ReduQeiof fof f of f off of f of foff of -ft to 
I simpl^t form. Ans, '^. 

40« To reduce fractions to a common denominatot 
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Wq kziow (Art. S4, Prop. IIL,) that the value of a 
firaction is not changed by multiplying both numerator 
and denominator by the same number. If, then, we mul- 
tiply the numerator and d^K>minat(Mr of each fraction by 
the product of the denominators of all the other fractions, 
we shall retain the values of the respective fractions, and 
at the same tipie they will have a conmion denominator. 

Let it be required to reduce •)-, t of •}, -ft, and f off, to 
equivalent fractions having a common denominator. . 

These fractions, when reduced to their simplest form, 
become -J-, -f, -ft-, and f. 

For first fraction, J. 

Multiply the numerator and denominator, each by 3 x 
11 X9, the product of the denominators of the other frac- 
tions, and we find 

1x3x11x9 =297 for new numerator. 
2x3x11x9 =694 " " denominator. 
For second fraction, f. 

Multiply the numerator and denominator, each by 2 x 
11x9, the product of the dehominators of the other frac- 
tions, and we $nd ' 

2x2x11 x9=d96 for new numerator. 
3 X 2 X 1 1 X 9 = 594 " •* denominator. 

For third fraction, -ft. 

Multiply the numerator and denominator, each by 2 x 
3x9, the product of the denominators of the other frac* 
tions, and we find 

3 X 2 X 3 x9= 162 for new numerator. 
1 1 x2 X 3 x9=594 « « denominator. 

For fourth fraction, f. . 

Multiply the numerator and denoimxittXoi)«^tiSi.V] %^ 
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3x11, the product of the denominators of the other fiaii^ 
tions, and we find 

2.x 2 X 3^ X 1 1 = 1 32 for new iiumerator. 
9x2x3x11 =594 ^ " denominator. 
Hence the fractions become fl^-, fHr ilf > an<i iff' 
It wiU be seen that each numerator is multiplied bj the 
product of all the denominators, except its own. It wiU 
also be seen that in obtaining each new denominator, the 
factors are the same, namely, all the denominator. 
Hence the following 

RULE 

Reduce mixed numbers to improper fractions^ and earn* 
pound fractions to iheir simplest form. The^ multiply each 
numerator by all the denominators except its own for a neiB 
numerator f and all the denominators together for a comnunk 
denominator. 

Repeat thii Rule. . ' 

EXAMPLES. 

1. Reduce % i, ^ to equi«ralent fractions haying a coff^ 
mon denominator. Ans. -fl/V; VWr, tWv 

2. Reduce i, i, f, to equivalent fractions having a 
common denominator. Ans, -J-f, -^ft-, -j^. 

3. Reduce ■}, ^, f, f, to equivalent fractions havijog a 
common denominator. Ans. -ffj-, ^ft, -ffS", iM- 

4. Reduce -J of f , 4-J, 5^, to equivalent fractions having 
a common denominator. Ans. t^, -H, -H- 

5. Reduce -f of f of 5, T-t, S-J-, to equivalent fractioof 
having & common denominator. Ans. -fj, -W? "W^- 

4L1. In most cases fractions may be reduced to equiy 
ftlent ones having a smaller comiijon denominator than ia^ 
* given by the above rule. Before showing how to find tb^, 
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kdst common denominator of fiactiona, it becomes necessary 
to show how to find 

THE LEAST OOKBCON MULTIPLE. 

A multiple of several numbers is such a number as can 
be divided by each of them without a remainder. Thus, 
12, 24, 36, 48, &c., are multiples of 2, 3, 4, and 6, since 
each of them is divisible by 2, 3, 4, and 6. Any set of 
Qumbers may have an infinite number of multiples. In 
practice it is the least common multiple which is usua^y 
sought. In the above example, 12 is the least common 
multiple 'of 2, 3, 4, and 6. 

Let us seek the least common multiple of two numbers, 
|8 for example, of 4 and 18. Separating these numbers 
into their smallest component parts, (Art. 31,) they be- 
come 4=2x2; 18=2x3x3. If we multiply 2x2=4 
by 2x3x3=18, we shall obtain 2x2x2x3x3, which 
is obviously a common multiple of 4 and 18, since the 
factors of these numbers are found in this expression. 
But it is not the Ucist common multiple of 4 and 18, since 
one of the 2's, which is a common factor of 4 and 18, 
pay be omitted, and the result, 2x2x3x3, will still 
contain all the different factors of 4 and 18. Hence, 
when two numbers have no common divisor, their least 
common multiple may be found by taking their product 
When they have a common divisor, their least common 
multiple may be found by dividing their product by their 
greatest common divisor ; or, by dividing one of the num* 
ber^ by their greatest common divisor, and multiplying the 
quotient by the other number ; or, by dividing each num- 
ber by their greatest common divisofr, and multiplying the 
product of the quotients by this greateal cotOiXiiOii &m«i* 
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» 

It is the last method that we $nd most convenient to 
employ. 

The least common multijde of more than two numbeis 
may be found, by first finding the least common multiple 
of any two of the numbers, and then Ending the least 
common multiple of that multiple, and another of the 
given numbers, and so on, until all the different numbeis 
have been used. 

We will now seek the least common multiple of 10, 18 
and 21. 

The greatest common divisor of 10 and 18 is 2... Dividing 
10 and 18 by 2, we find 5 and 9 for the quotients^ hence 
the least common multiple of 10 and 18 is 2 x 5 x 9. We 
now seek the least common multiple of 2x5x9 and 21. 
The greatest common divisor of these two numbers is 3, it 
being a divisor of9andof21. 

Dividing by 3, we have 2x5x3 and 7 for the quotientai. 
Hence the least common multiple of 2x5x9=90 and 
21, IS 3x2x5x3x7=630, which is also the least com- 
mon multiple of 10, 18 and 21. 

If we place the numbers 10, 
18 and 21 in a horizontal Hne, 
and divide the 10 an J 18 by 2, 
and bring down the 21, we 
shall obtain a second line con- 
sisting of 5, 9,' and 21. Di- 
viding the 9 and 21 of this 

second line by 3, we obtain a third line consisting of 5, 3, 
and 7, no two of which have a common divisor. Now, 
multiplying the divisors 2 and 3 by the product of the 
numbers in the last horizontal line, we have 630, the leas^ 
^mmon multiple sougtii. 



2 


10, 18, 21 ^ 1 


3 


5, 9, 21 * ' 




5, 3, 7 


2x3) 


<5x 3x7=630. 
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Hence the least common multiple of anj set of numbgn 
maj be found by the following 

RULE. 

Write the nun^ers in a horizontal line ; divide them hy 
the least number which will divide two or more of them with- 
out a remainder; place the quotients with the undivided 
numbers^ if any, for a second horizontal line ; proceed with 
this second line as with the first ; and so continue untU there 
are no two numbers which can be exactly divided by the same 
iivisor. The continued product of the divisors, and of the 
numbers in the last horizontal linfi^wUl give the least common 
multiple. 

Note. — ^When thene is no nflmber which will divide two of the 
given nnznbers, their cottinued prodact must be taken for the least 
common multiple. 

What u tt multiple of wTenl nmiiMn 1 IfMtloo tome of tb« moltiplpi of 3, 3; 4^ 
and a. Are the number of multiples of any set of numbers limited 1 Repeat the Rok 
ft* finding the least common multiple of any set of numfaeri. When tfaoe is no qaoih 
ber whieh will divide two of the given niuAen, how it the kafrt multiple fomld 1 

BXA]fPLB& 

1. What is the least common multiple of 12, 16,and 24? 

. OPERATION. 



8 



2 


12, 


16, 

• 


24. 


2 


6, 


8, 


12. 


2 


3, 


4,' 


6. 


3 


3, 


2, 


3. 




.1, 


2, 


I. 



I 
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Hence, 2 x 2 x 2 X 3 x 2=48 is the least common mui- 
tiple. 
2. What is the least common multiple of 12, 15, 24? 



OPERATION. 



2 


12, 


15, 24. 


2 


6, 


15, 12. 


3 


3, 


15, 6. 




1, 


6, 2. 



Therefore, 2x2x3x5x2=1 20 is the multiple sought 
8. What is the least common multiple of 1 1, 77, 88^ 

Aris. 616. 

4. What is the least common multiple of 37, 41 ? 

An^. 1517. 

5. What is the least common multiple of. 24, 60, 45, 
180? Ans, 360. 

6. Wha^ is the least common multiple of 2, 4, 6, 8 ? 

Ans, 24. 

7. What is the least common multiple of 3, 5, 7, 9 ? 

Alts, 315. 

8. What is the least common multiple of 2, 3, 4, 5, 6, 7, 
8,9? Ans. 2520. 

9. What is the least common multiple of 7, 14, 16, 18, 
24? Ans, 1008. 

10. What is the least con^mon multiple of 1, 2, 3, 4, 5^ 
6,7,8,9, in Ans, 27720. 

43* We are now prq)ared to reduce fractions to their 
least common denominator. 



REDUCTION OF FRACTIONS. gj 

h&i it be required to reduce to the least common de- 
nominator the fractions -fy, ^, and -H-* 

If we take the least common multiple of the denomina- 
tors 12, 16, and 24, which is 48, and divide it in turn tj 
these denominators, we shall obtain the respective quo- 
tients 4^ 3, and 2. Hence, if we multiply the nimierator 
and denominator of each fraction by 4| 3 and 2 respect- 
ively, they will become -fj, -H and -ff. These fractions 
are equivalent to the original ones, and have their least 
common denominator. Hence fractions may be reduced 
to their least common denominator by the following 

RULE. 

Reduce the fractions to their simphst form ; then find th§ 
least common multiple of their denomincUors^ {by Rule under 
Art. 41,) v>hich wiU be their least common denominator. 
Divide this denominator by the^ respective denominators of 
the given fractions ; multipiy the quotients thus obtained by 
the respective n^meratorsy and the several products unU be 
the new numerators, 

Hapwif tlM Rule for reduciof fneticMU to their lM«t eommon dMuuninator. 

EXAKFLES. 

]. Reduce iV? "^9 ii? ^ equivalent fractions having the 
least common denominator. 

The least common multiple of the denominators 12, 15 
2^4, Is 1 20 = common denominator. 

New numerator of first fraction -^x 5=50. 

New numerator of second fraction -VV'^ 7=56. 

New numeiiator of ;hird fraclion l^x-xVl-=i^^, 
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Hence, the fractions, when reduced to their least coifr 
mon denominator, become 

90 8« 81 
^ T^TT) TTP TITT- 

2. Reduce -J- of f of -iV? -jfirj tV) ^o equivalent fractions 
having the least common denominator. 

Ans. tj/V) 17o> "nnr' 

3. Reduce 3^^, ^^ f , to equivalent fractions having the 
least common denominator. -4»^. -W? "W^j ff- 

4. Reduce -f-, -ft-, i^,^to equivalent fwictioris having the 
least common denominator. Ans. 44fr, -ftV? -tHf- 

5. Reduce -^, A> 6t^, to equivalent fractions having 
the least common denominator. Ans. •rf'jftj-, -J^, -^W- 

' 6. Reduce -J-, ■}, 3-}-, and -J-, to equivalent fractions having 
the least common denominator. Ans. -H, f^, ^^, ff. 

7. Reduce tVj +? +? "A"? t<^ equivalent fractions having the 
least common denominator. Ans. ^ftV? •ft'Vj ift^? -jiSV- 

8. Reduce -f , f, -f-, f, ift-> to equivalent fractions having 
the least common denominator. AnSi f^, f f , ff , -fj-, -f^. 

9. Reduce -f, -J-, f , f , i^, Yfrr? to Equivalent fractions 
having the least common denominator. 

Ans, -nnr> "ftrV) Tinr) TalT) ttfj "taT' 
10. Reduce i, -J^, i, i, f, -f, i, i, to eqtdvalenC fmctlons 
having the least common denominator. 

Ans. mi, VWV, VWV, i«W, ASAr, tW^ , AWr,. liWr- 



ADDITION OP FBACTIONS. 

43* Suppose we wish to add f and f . We know that 
Ji9 /on^ as these fractions have dV^etetLV^^^oiKOi^xxsk^^^^ 



ADPlTfON OF FRACTIONS. gQ 

CAimot be added buj more than pounds and yaida ean be 
added together. We will therefore reduce them to a com- 
mon denominator. We thus obtain 

Now, taking their sum, we obtain 

3_^4_15 . 28_16+28_43__j . 
/"^S^SS^SS"" 35 "36"" 

Hence, to add fractions, we have this 

EULE. 

Reduce the fractions to a common denominator, and take 
the sum of their numertaars, under which place the common 
denominatdrj and it mil give the sum required, 

NoTS.^^The labor will be the least when we reduce the fractlona 
to their least common denondiudar. 



1. What is the sum of i, j, i, and f ? 

These fractions, when reduced to their least common 
denominator, are -flr, t^, Aj ^^^ "Aj the sum of whose 
numerators is 6+4+3+2=15. Hence we have 

2. What is the sum of + and i? Atis. -fy. 

3. What is the sum of i, tV, -fv- -^ns. -jfir. 

4. What is the sum of i, f, -ft ? Ans. ff= l-ff, 

5. What is the sum of 7*5, -flr, -A-? ^«^- -H- 
a What is the sum of f, A, -ft, A? ^ns- tJ= l+f • 

Note: — If any of the. fractions are compound, they must first be 
lednoed jto simple fractions, (by Rule under Art. SO*) 

Z WZzafisfthesumofioff of^,\ot\,wA\^ 

8» 
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l^hese fractions, when reduced to their simplest forms, 
are •)-, -iV) ^^^ i ] which, when reduced to their least com- 
mon denominator, become 

Tt) "TTj A' 

Hence, their sum is 

4+2+9_15_5 
24 ~24 8. 

8. What is the sum of i of t of ^4, -f of f of 6, and i 
of f of 3? Ans, m, 

9. What is the sum of f of i of 8, i of 4- of -V, and i 
of 16? ' Ans. Si. 

10. What is the sum of i of t of f , i of i of f , and -f 
of -I? Ans. rw' 

1 1. What is the sum of -f, i,% and i? 

^ Ans. JgW=2iH. 

12. What is the sum of i, i, i, f, and H^ 

Ans. +J-=3-f> 

13. What is the sum of i, f, f, ^Vj ^^'^d H ^ 

14. What is the sum of 3i, i of f, -| of f of f, and ^ly ? 

15. What is the sum of i of -I, •}• of f , f of f , and | of 

16. What is the sum of i, i, •}, i, i, i, i, i? 

^n^. |H|=li||f 
ir. What is the sum of 1, i, i, i, i T . 

Ans. •VV^-2^J. 

18. What is the sum.of |, 4^ f, f ? An^. W=5iJ. 

19. What is the sum of i, i, i, ,^, |, *, iV, iV, iV, A' 

20. What IS the sum of i, ^, i, 4. -1. V, -tt. I^i ii, tl ^ * 



SUBTRACTION OF FRA0T10K8. 
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SUBTRACTION OF- FRACTIONS. 

44* Suppose we wish to subtract -f from -J. -We 
know that so lotig as these fractions have different de- 
nominators, the one cannot be subtracted from the othei 
any more than pounds can be subtracted froto yards. Vc 
therefore reduce them to a common denominator, and 
obtain ■J-=-^; -^—-f^. Now, taking their difference, we 
obtain |~^=-^— ^=-^5. Hence, to subtract one frac- 
ti(m from another we have this 

RULE. 

Reduce the fractions' to a common denominator ; subtract 
the less numerator from the greater^ and place the common 
denominator under the difference. 

Repeat tliis Rule. 

EXAMPLES. . 

1. From f subtract }. i=z-fy ; J=t^ i 5—2=3. 
Therefore we have |— 1=-^^. 



2. From i subtract i. 

3. From -J- subtract i. 

4. From f subtract -}-. 

5. From -H" subtract -J, 

6. From t*|- subtract -yJ-T. 

7. From iff subtract ^. 

8. From ^ subtract VW- 



,4ns. f^ 

AnS' i> 

Ans. -ff, 

An^. i. 

^ns. Yo • 
Ans. \^. 



Note. — As in Addition, if either of the fractions is compound, it 
must first be reduced to its simplest form. 

9. From jt of ^ o{ f subtract -fy. Ans. ^, 

10. From ^ subtract f of i^. Ans. ffv 

1 1. From i of f subtract f of f . Ans, -f^. 

12. Ftom 3i svfhtxsLCt 2+. A«is» \-H* 
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13. From i of f of i, subtract ^ of f Ans, tVV r a. 

14. From f of f of f of |, subtract -f of -J of f off. -* ^ 

Ans. 2^, _ 

16. From the sum of |, f , f, -j-, subtract the sum of 1, 4, 
, J. -4wj. 4. 

16. From the sum of i, f , i, f, ♦, J,^, j^, j«, «, ji, 
abtract the sum.of i, J, *, |, J, ^^, ^, ^, ^, ^v 

ilnj. 10. i 

17. From | of 137 subtract ^ of 317. Ans, 47. I 

18. From f of 137 subtract i of 317. Ans, 77. i 

19. From J of 137 subtract f of 317. Ans. 92. i 

20. From | of 137 subtract | of 317 -An*. 101. i 

— — -^-^ — ^ 

MULTIPLICATION OF FRACTIONS. -* 

4ff. Multiply i by f. 

We know, (Art 39,) that •} multiplied bj -f is the 
ime as •) of -f. Hence, we must use the same rule as for 
educing compound fractions. 

Therefore, to multiply fractions^ we have this 

RULE. 

Multiply nil the numerators together for a new numeratof. 
id all the denominators together for a new denominator ; 
ways ohserving to reject or cancel such factors as are 
mmon to both numerators and denominators, , 

If any of the factors are whole numbers, they may be 
de to take the form ot a ftac\icfl[i>ay ^mii^ \Ck VXi^m V 
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for a denominator, (see Ajit. SS,) and then the general 
rule will apply. 

What is the Sole for muitiplyiitf ficactiom 1 

EXAMPLES. 

1. Multiply i by ^, Ans. f. 

% Multiply i by •}-. , Ans, i. 

3. Multiply i by f. Ans.^. 

4. Multiply i by •}. / Ans. -ft. 

5. Multiply i, ^, -t, all together. Ans. -j^. 

6. Multiply t by -Jf . 

In this examine, we cancel the 4 of the numerator 
against a corresponding factor of the 16 of the denomina- 
tor; and 5 of tke denominator against a corresponding 
factor of the 10 in the oianerator. Thus: 

2 

4 
Finally,celncellingth6 2 in the numerator against the 
same factor of the 4 in the denofini&ator, we find 

$ X^ 2 

2 

7. Multiply the fractions f , t, ♦• 

2 2 

< 7 7 
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Note. — A li|Ue practice will enable tbe student to perform these 
operations of cancelling with great ease and rapidity. And since, 
as was remarked under Art! 39, it is immaterial which factors are 
first cancelled, the simplicity of the work must depend much upon 
his skill and ingenuity. 

8. Multiply together the fractions 3+, 4+, -iV- 
Expressing the multiplication, after reducing them, ve 

« 

have "^ 

7 13 1 

Cancelling t^e 7 of the numerator agaifist a part of the 
14 of the denominator, we have 

.t 13^ 1 13 - , . 
-X — X — = — =1tV- ^n*. 

2 3 W 12 
2 

9. Maltipljr together the fractions i, -I, f, rf. Ani.^. 

10. Multiply together the fractions f,-fr,i, ■^. Ans, f. 

11. Multiply together the fractions 3^, 4-}-, 5^. 

Ans. -J4J^=73f 

12. Multiply together' ^ft-, -iV, f- Ans. -^. 

13. Multiply f by 4. Ans. V=lf 

14. Multiply 7 by f Ans. ^=5^. 

15. Multiply 7i by 3+. Ans. •»^=z26\. 

16. Multiply 16iby5, Ans. -4^=82^. 

17. Multiply the sum of i,^, -J, -J, by the sum of -J, -t, 

if Ans. +m=lTWr. 

18. Multiply the sum of i of f, -f- of f by the sum of -J, 
of -J-, i of i-. \ Ans. -jSftr- 

i9. Multiply f of i of f of iS- by ii of f of f 

Ans. -ff. 
20. Multiply the" sum of 3, Z\y 3+, 3^, by the sum of 2^ 



DIVISION OF FRACTIONS. 95 



DIVISION OP FRACTIONS. 

46« Let us endeavor to divide f bj f. We know that 
f can be divided by 5, bj multiplying the denominator by 
5, (see P&op. IL, A&t. S4j) which, gives 



7X6 
f Now, since f is but one eighth of 5, it follows that f 
divided by t must give a quotient eight times as great as 
f divided by 5. Therefore, f divided by ^ must give 

8 times = ' ■■ 

7x6 7x5 

From which we see that f has been multiplied by^ 

after it was inverted. 

Henoe^ to divide one fraction by another, we have this 

RULE. 

Reduce the fractions to their simplest form. Invert the 
divisor, ofid then pr.oeeed as in muftiplicationx 

If either the dividend or divisor is a whole number, it 
may be converted into eLh improper fraction having 1 for 
its denominator. 

Eepest Um Ra)«.for tke DiTJdon «f Fraetionk 

EXAMPLES. J 

1. Divide -rt by ^. 
Inverting the divisor, we have 

12 26 , 

13 4 
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Cancelling, we find ■ 

8 2 

2. Divide + by "t. Ans: $=1^. 

3. Divide -J by j'. Ans, % 

4. Divide \ by i Ans. f =2^. 

5. Divide ♦ by ^. Ans, ^—\^. 

6. Divide -ft by if. ^fW. f. ^ 

7. What is the qxiotient of 4+ divided hy 17^ ? 

Ans, T^. 

8. What is the quotient of -If divided by 10? Ans.-ii, 

9. Divide + of f by + of i Ans, V=3i 

10. Divide 3i of 2+ by 4i. 4iw. J^=1H . 

11. Divide i by \ of f. Ana. t=r i|i 

12. Divide the mm of f , +, f, i, by tfe©«um-of 1, i, i, 

t, i. Ans. W. 

13. Divide the sum of f, *, f , f, i, -V, ++, «, «, ff, by 
tha sum of 1, +, i, i, +, i, +, iV, fr, tV, tHt- 

Ans, ^mm -w^kWi' 

14. Divide|off off off by-foff of^off. ' 

15. Divide the sum of 1, 1 J, 2|, 3^, by the suin of 1^, 
*T) 3y. Ans, '^^•=^\'ffj, 

16. Divide the sum of I of f , ^ of % by the sum of \ of 

17. Divide ♦ of ii of ff by i off off. 

Ans. W8rt. 

18. Divide i of H of i by f of i of 12. 

ift Divide i of f of * of f by i of i of 8. 
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RECIPROCALS OF NUMBERS. 

47* The reciprocal of a number is the result obtained 
by dividing 1 bj the number. Thus, the reciprocals of 2, 
3, 4; and 5, are ^, -t, •}-, and i. From this we discover 
that the reciprocal of an integer, or whole number, is equal 
to a vulgar fraction whose ilumerator is 1, and whose de- 
nominator is the given number. 

The reciprocal of f is found by dividing I by f, which 

(Art. 46,) is Wf =1 Xi=i. V 

In the same way we find the reciprocal of •{- to be -f, 
and in general, the reciprocal of a vulgar fraction is the 

value of the fraction when inverted. 

Note. — From this, we see that dividiDg by any number is in 
efEbct the same aA multiplying by the reciprocal of tkat number. 
So that oper&tions of division xnay be inclnded tmder those of mul- 
tiplication. A practieial ai^Ucafion of this principle mity be seen 
onder Redaction of Denominate Fractions (Art. S9l«) 

EXAMPLES. 

1. ' What ar^ the reciprocals of 7, 8, 9, 10, 1 1? 

Ans. +, +, +, tVj T*r- 

2. What,i^ the reciprodds of 18, ^3, and 41 ? 

^»*- iHr* A> /r- 

3. What ajpetho reciprocals of f,-J,i,f? Ans,1tj^,^ti. 

4. What are the reciprocals of 1-J, 2-^, 3^ ? Ans, -f, f , -/^ 

5. What are the reciprocals of -f of ♦, f of f 9 

Ans. fofi,! off 

1. Reduce -H tp its lowest terms. Ans, -J. 

2. Reduce ^ to its lowest terms. Aivs»V 
3. Reduce if to its lowest teima. Asrvs^V 

9 
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4. Reduce ff| to its lowest teniis. Ans. f. 

5. Reduce ffff ^ i^s lowest terms. Ans» f. 

6. Reduce jj^^ to its lowest tenns. Ans. jjii> 

7. Reduce j^H to ils lowest terms Ans, jf. 

8. Reduce -{^ to its lowest terms. Ans. }ij. 

9. Reduce yt|t4 ^^ ^^'^ lowest terms. Ans. ^V- 

10. Reduce -Hi to a mixed number. Ans. \jij. 

1 1. Rediice ^ to a mixed number. Ans. 7f . 

12. Reduce V^ to a whole number. Ans. 8. 

13. Reduce -f-f to a mixed number. Ans. 3^. 

14. Reduce -V^V- to a mixed number. Ans. 2-J-Jf. 

15. Reduce -^tf- to a mixed number, Ans. 1^. 

16. Reduce 3^ to an improper fraction. Ans. ■}. 

17. Reduce 15y4 to an improper fraction. Ans. -W* 

18. Reduce 3^^ to an improper fraction. Ans, 14- 

19. Reduce l-rir to an improper fraction. rAns, -H^. 

20. Reduce 1 00+f to an improper fraction. Ans. •H+^- 

21. Reduce ^ of ■} of f to its simplest form. Ans. •}. 

22. Reduce ^- of f of f^ to its simplest form. Ans. -J. 

23. Reduce 'f of i of -ft- of 3 to its simplest form. Ans. tV- 

24. Reduce iV o^ f o^ li <^^ ^i to its simplest form. 

Ans. iff. 

25. Reduce f of V^ of + of 100 to its simplest forrti. 

Ans. 200. 

26. Reduce i, i, i, to equivalent fractions having a com- 
mon denominator. Ans. -flr? A^jlV- 

27. Reduce i, i, |, i, i) to equivalent fractions having a 
common denominator. Ans. -H, ffr, ff, fj, -H- 

28. Reduce 3i, f , f, -ft? to equivalent fractions having a 
common denominator. Ans. ^, -ff, -H, -ft- 

jgft Reduce i, i, i, -i*^, to equivalent fractions having a 
common denominator. Ans. -^Hzy ^?N^*. ^W*'* "i^ 
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30. Reduce f , |^, -j^, fj, to equivalent fractions having 
a common denominator. Ansi fjHfi) W^y fHii Hii* 

31. What is the sum of i, i, i^ ^w. ff = It^Jt- 

32. What is the sum of f, i, ♦ ? ^iw. -Vi^=2f|. 

33. From -a piece of cloth jt &i^ i of the whole was cut 
off. What part of the whole was thus taken away? 

Ans. f. 

34. From | subtract |. Ans. |. 

35. From ^^ subti^ct ^. Ans. y\t' 

36. From f subtract f. ^iw, /r. 

37. A tree 150 feet high had ^| broken off in a storm. 
What was the length broken off? Ans. 30 feet. 

38. A and B together possess 1477 sheep, of which A 
owns 4- i^d B f . How many bel<^g to each man ? 

. i A% 844. 
^'^^i B's, 633. 

39. A owns -^ of a ship,, valued at 915422; he sells 
to B -| of his share. What is the value of what A has 
left ', aJUsK)} what is the value of Bs part 7 

. ^ A's remaining p^ is 91402. 
^' ( B's part is $2804. 

^. A cotton mill is>old for 930000, of which A owns 
^ of the whole, B and C each own i of -| of the whola 
How many dollars does each one claim 1 

fA claims 96000. 
Ans. -IB claims 95000. 
LC claim? 95000. 
41. A and B have a melon, of which A owns % and B 
I ; C offers them one shilling, to partake equally with them 
of the melon, which was agreed to. How must the shilling 
be divided between A and B 1 . (A must have i of it 

42. A farmer had i ot his sheep "m oh^Am^^^s^ 
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second field, and the residue, which was 779, in a thi^ field 
How many sheep had he in all 1 Ans, 1230 sheep. 

43. If I divide 616 dollars between A, B, C, and D, bj 
giving A i of the whole, B fij- of the remainder, C f of 
what then remained, and D the balance, ho^ miicli will 



each receive ? 



fA had L54 dollars. 
B « 165 «- 



AnsA o « 264 



% 
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DECIMAL FRACTIONS 



49* A Decimal Frd^ction is that particular form of a 
Fraction, whose denominator consists of a unit, followed 
by one or more ciphers; 

Thus :> tVj t^j rfriTj -Afirr rhri tAt? i BVc r a ? &c., Bit 
Decimal Fractions. 

In jpracticei, the denominators of Decimal Fractions are 
not written, but always understood. 

The above Decimal Fractions are usually written as 
follows: 01, 0-3, 004, 0-37, 008, 0-003, 00047, A>c. 

The period, or decimal point, serves to separate the 
decimals from the whole numbers. 

The first figure on the right of the decimal point, is in 
the place of tenths ; the second figure is in the place of 
hundredths ; the third figure in the place of thousandths, 
and so on; the value of the units of the successive figures 
decreasing from. the left towards the right, in a tenfold 
jiatjo, as in whole numbers. TYi© foWcrwm^ \.iJc^^ > "" 
exhibit thia. 



DECIMAL FRACTIONS. {Ql 



NUME&ATION TABLE QF WHOLE KUXBE&S AND DS0I1CAL& 

SCSI'S si's 11 .|jslSg||il|gi 



a 




33333333 333. 3333333 3 33 
AMending. j^Q ^OT 



This table is in accordance with the French method 
of numeration (Art. 6,) where each period of three figures 
changes its name and value. 

Since decimals, like whole numbers, decrease from the 
left towards the right in a ten-fold rtitio, they maybe con- 
oeeted together by means of the decimal point, and then 
q)erated upon by precisely the same rules as for whole 
numbers, provided we are careful to keep the decimal point 
always in the right place. 

Annexing a cipher to a decimal does not change its 
value, because it is the same as multiplying its numerator 
and denominator by 10. Thus: 0*3= 0-30 =OaOO==&c. 
But prefixing a cipher is the same as removing the decimal 
figures one place fa}:ther to the right) and therefore each 
cipher, thus prefixed, reduces the value in a ten-fold ratio. 



Thus: 0-3 

1 


is ten times 03^ or ft hundred times t) 003. 


\ 2 is 


read two tenths. 


0-25 


" twenty-five hundredths. 


0-365 


<' three hundred and sixty-five thoih 


' ' 


sandths. 


0105 


^ one hundred and five thousandths 


003 


'^ three hundredlhft. 




9* 
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0*1234 is read one thousand two hundred and thirty- 
four ten thousandths. 
4'3 ^ four and three tenths. 

37-3 ^ thirty-seven and three tenths. 

36503 ^ three hundred and sixty-five and three 

hundredths. 
&c. &c. 

6-4 is the same %s 6^=ff . 
36-5 ^ 35JL-=:i(U»-. 

3605' « 36r|o='W. . 

0-7 ^ -At. 

0-37 « tVt. 

0123 « -AWr 

0-2345 « tVbW- 

00101 *^ 



Tttmr. 



000012 « -n^ifinr. 

0-40056 " -mNv- 

400005 " 40Trlhnr=^iWW^ 

lOl'OlOl " 10lTmT=-41 



A number composed of a whole number and a decimal 
part, is called a mixed number. 

Whftt i» a decimal frtetion t Of trhat form Is the denominator 9 Glre exampkf 
of decimal firactiotti. In practice, wliieh part it not wiitten, but onderatoodf What 
parpoM does the decimal point serve 1 What place is the first figure on the right of 
the decimal ^int said to occupy) What plac^ does the second figure occupjrt 
V^ai place does the third figure ooeupy 1 In wjiat ratio -do the Taloes decrease in 
possii^^ to the right) Is the above table in accordance with the French or English 
method of notation 1 Does annezhlg a cipher to a decimal alter its vahiet YIHiat 
aibetis produced by prefixing a ^iphor t A nambdr which is composed of a whole 
nnmber and decimal Is called, whatY 

Let' the pupil be exercided in decompounding decimalB| 
as we have done in the following 



ADDITION OF DECIMAL FRAOTION0. IQS 

. EXAMPLES. 

The ezpressioD, iM^> implies that 7468 is to be divided 
by 1000. Perfonning the division by the method of Case 
IV, Akt. 30, we obtain 7 for a quotient and 468 for a 
remainder. So that •HH=7-iWt= 7-468 =7. units, 4 
tenths, 6 hundredths, 8 thousandths, or, which is the 
same thiog, it equals 7 H-rtr+TSr+TAr- 

In a similar manner we find that 

^Ht^= 364587=: 36458 +t5V. 

^Vft"=3645-87=3645+A4-Air. 

HUF=364-587=364+tV+TH-hTftT. 

JSW^=36-4587=364-TV4-T^r+TiAnr+TrhT. 

fUW==^3-64587==3+A+T*T+TATr+TrhT+ 

1 Out) 4 Or 

i%VVV%===0-364587==T»,+T*^4-T.AT+TTiTT+ 



ADDITION Qi DECIMAL FRACi\I0N8. 

SO. Since decimals, like whole numbers, increase from 
the right towards the left, they may be treated by the 
same rules as for whole numbers, provided we are careful 
to keep the decimal point in the right place, so that hke 
orders may stand undet each other. Hence we have this 

BULB. 

Place the numbers so that the decimal paints shall he d^ 

tectly under each other ; add as in whole numbers. In the 

amount place the p&in^ under ih^ pOtn>ts in ike nwR^SMt^ 
oilded. 
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S. 



(L) (2.) 




s •€ s i -5 -S § 

§ 3 ^ § »5 .® k2 P^ r-* 5 

Eh a H H P H as H H BC 

12 6 . P2 3 4 5 6 

13 4 6 2v3 4 6 6 7 
2 D 6 3-4 5 6 7 8 
10 16 4-66789 
4 3 12 ' 6-67800 



16019-9 929 1728290 



(3.) 


(^•) 


(6.) 


4123 245 


0-43478 


11111 


112 


1-35001 


210001 


37004 


11 


8-8 


0-205 


33-333 


9-808 



4161-674 36-21779 239-720 

■ I I- I •—^m^f^-d^^ i n I ■ » a K III! I III 

6. WJiat is the sum of 0123, 0012, 0-676, 00045? 

Ans. 0-8146 

7. What is the sum of 014146, 0-23236, 0-343 
0-45455? Ans, M718 

8. Find the sum of 1-0012, 23J0G3, 101-314 
10101578, . Ams. V^5-5VTV4Q 



SUBTRACTION OP DECIMAL FEACTION8. 105. 

9. Find the sum of 23412, 23-412, 23412, 023412 

Ans. 260- 10732. 
10. What is the sum of 111111, 121212, f3-1313, 
1^41414? Aiw. 150-5049 



•I 



SUBTRACTION OF DECIMAl, FRACTIONS. 

SI. There is no difTereiice between the subtraction of 
decimals and that of whole numbers, provided we are 
careful to keep the deciinal points directly under each 
other, so that like orders may stand under each 
other. Hence this 

RULE. 

Flaee th» less number under the greater, so that the dedr 
flRoi paints shall he directly under each other ; subtractj as 
m whale numbers. In the difference place the point under 
the points of the numbers above. 

How do yoa plaea the inmben in sabtztction t Tboo how do you proeoad 1 

EXAMFLES. 

(1.) (2.) (3.) 

345-345 1245-3478 345612347846 

54123 3400122 479100345 

291-222 905-3356 297702313346 

) 

4. From 1023-4 subtract 99-9. Ans. 923-5. 

5. From 04785 subtract 0-13047. Ans. ^•^^.^^'^ 
6 From t?-li 234^ubtract 000675. Au^. ^\^^^ 
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MIJITIPIICATION OF DECIMAL FRACTIONS. 

tS3. A tenth taken once, must give 1 tenth for a pro* 
duct ; if taken only one-tenth of a time, the product will 
be one-tenth of a tenth, or one hundredth ; that is, -i^ x 
-iV=ToTr) OT decimally expressed 01 x O'l =001. This is 
evidently true, since if the tenth-part of any thing be 
divided into 10 equal parts, each subdivision will be a hun- 
dredth-part of the whole. So tV of -ro"g-= i oh a? ^^^ so oa 

Multiply 01 36 by 0*78. If we supply the denominc^ore 
of these decimal fractions, which denominators are always 
understood, we shall have 

0-136=TWff; 0-78=:-,%. 

Hence, multiplying -f^ by iVir? (Art. 4«I,) we finicl 

TVWXT%=i^f^,?=TWlftlV=OlOt308. 

From which we see that the number of decimal places 
in the product, alwjiys denoted by the number of zeros if 
tibe denominator* which is understood, is equal to the num- 
ber of decimal places in both factors. Hence we have this 

RULE. 

Multiply as in whole numbers, and give as many decimal 
places in the product as there are in both the factors. When 
there are not as many places in the product^ P^^fi^ ciphers. 

How do yoa maltiply decimaUl How ma^ydeeimftl places mugt there be in Um 
piodact 1 When the whole namber of figures in the product is not as great, bow do 
joik proceedl 



EXAMPLES. 

1. Multiply 0125 by 0-37. 



OFECtATION. 

0-125 
0-37 . 



\ 



• 875 



DIVISION OF DECIMAL FRACTIONS. (Q! 

In this example, the zfiultiplicand has 9f decimal placet 
and tlie multiplier has^ ; therefore, by the rule, the pi^uc 
must have 5 places, and since the product coni)ists€»f but ' 
figures, wepr^ixone cipher before making the decimal poini 

2. Multiply 0-561 by 0-786. Ans. 0440946. 

3. Multiply 8012 by 4027. Ans. 12129324. 

4. Multiply 47051 by 37039. Ans. 1742-721989. 

5. Multiply 33-33 by 6666. 

6. Multiply 125125 by 5-5. 



Ans. 2221-7778. 
Ans. 688- 1875. 



AS, A decimal number may be multiplied by 10, 10( 
1000} &G., by removing the decimal point as many place 
to the right as there are ciphers in the multiplier ; and i; 
there are not so many figures, make up the deficiency b; 
attnexing ciphers. 



Thus, 12-12iaiultiplied by ^ 



flO 1 


^ 


100 




1000 




10000 


>:=.4 


100000 




1000000 


^ 



121-2. 

12152. 

12120. 

121200, 

1212000. 

12120000. 



How may a dMimal oanber be multiplied by 10, 100, 1000, Ite. 1 When there ai 
mC as maay decimal ficame in the maltlplieaod at there are eipbeie in the mnltipiia 
in V do you proceed I 



DIVISION OP DECIMAL FRACTIONS. 

ff4k* In multiplication of (fecimals, we know that th 
number of decimal places in the product is equal to th 
sum of those in both the factors. Now, since the produc 
divided by one of the factors mMBt pio3i»L^ \!*ev« ^^^\\^ 
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tor or quotient, it follows, th^t fn divisi<m the deoiaud 
placet of the dividend Qiust be equal to the nuiolier ef ^ 
places in the divisor and quotient taken together. Henc^ 
the number of decimal places in the quotient must equal 
the excess of those in the dividend above those in the 
divisor. • 

Divide'5-81224 by 6-432. 

Dividing 581224 bj 5432 we £hd 107 for the quotient. 
Since 5 figures of the dividend are decimals^ and only 3 
figures of the divisor are decimals, it follows th|it two 
figures of the quotient 107 must be decioaalB, so tha( 1^7 
is the quotient sought. » 

Hence the following . , . 

RULE. ^ 

Divide as in whole numbers ; give as many decimal places 
in the qvMtHent as those in the dividend exceed those in the 
divisor; if there are not as mariy^ supply the d^/^t^foy ijfj 
prefianng ciphers. 

How do you divide one decimal, by enotber ) Hoiw maoy deeiauil plaoet muk Ae 
qaotient havel If the whole number of fibres in the quotient ii not w great as the 
number of decimali requi^d, how do you proceed 1 

OPKLATION. 

« 

118)0123428(00104& 
118 

472 * 



1. Divide 0123428 by 11^8. 



708 
708 



bi this example, thedividend contains 6 decitnal plac^i, 
and the divisor but 1 ; therefore, by the rule, the quotient 
au^bt to contain 5, ; but as Ibetb ttxe^M^. 4 ^^igQXfiaVsx^X^ 



DIVISION OF SmOIMAt PBACTIONS. 



109 



fUQtmt, we make upi tb# d^oienoy by piefisong a o^er * 
bafoie making the decimal poiat i 



2. Divide 3-816688 by 112. 

3. Divide 0109896 by 0-241. 

4. Divide 112264556 by 10012. 

5. Divide 001764144, by 00018. 



Ans. 3-4024. 

Ans. 0*456. 

Ans. 11213. 

Ans. 9-8008. 



SSm When there are not as many decimal places in 
the dividend as in the divisor, we may, (by Art. 4L9y) 
annex as many ciphers to the dividend as we please, if we 
do not ehange the place of the decimal point When the 
number of decimal places is the same in both dividend 
and divisor, the quotient will be a whole number. As for 
example, -ft- divided by 1^=3, which is a whole number; 
that is, 0*6 divided by 0*2=3, a whole number. 

When tb^re bio not as many dftcima] plaoei in the dividend u in the' diviMMr, bow 
do yon proceed t When the number of decimal J^oet in the dividend it the Huae as 
in the diviior, what will the quotient be 1 



6. Divide 244*431 by 1-2345. 

Iii this example, before 
performing the division, 
we annex a cipher to the 
dividend, so that it may 
have as many decimal 
places as the divisor has ; 
we then perform this 



OPERATION. 



1 2345)244*43 10( 198 whole 



12345 

120981 
111105 

98760 
98760 



number. 



7. Divide 122-418 by 3*4005 

8. Divide 0*7 by 07. 

^9: Divide 0*25 by 00005. 

m Divider 0125 by O-OOOOOSi 

^ 10 



Ans. 36. 

Ans. 10. 

Atis. 500. 
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l« When theie is still a remainder, and we wii^ a 
moxt accurate quotient, we may continue to annex ciphe« 
and to divide as far as we please, observing the rule fat 
placing the decimal point 

11. EHvide 20 by 0-003. 



OFERATION, 



By Short Division. •003)20000 



6666 '6666, &>c., to any extent 
12. Divide 37-4 by 45. 



OPERATION. 



4-5)37-4(8'31111 + 
360 

140 
135 



60 
45 

50 
45 



60 
45 



50 
45 



When, in the qiiptient, we write the sign -{- it is to 
AidiotUe that the quotient is st^ll \axg«i \)ki«iiSa^'DXX«!Ck 



FBDBRAI. MONBT. 



ill 



i It frequently happens, as in this example, that the work 
%ill never terminate. 

When tlwra ii kiD ft mmainder, Imw flMy wo pro^Bdl to obtein ft itin mora tMOfAto 
nfaw for the qootienti What does the eigB 4-.st the right of a qootivt iodieftlel 



13 Divide 7-85 by 3-43. 

14 Divide 0-478 by 0-58. 
16. Divide 0-9009 by 0-4051. 



An*. 2-2886+. 
Ans. 0-824+ . 
Ans. 2-223+. 



JiT. We may, obviously, divide any decimal by 10, 
100, 1000, &c., by removing the decimal point as many 
places to the left as there are ciphers in the divisor ; when 
there are not so many figures at the left of the decimal 
point) we may prefix ciphers. 



Thus, 1212 divided by < 



10 1 




r 1-212. 


100 




01212. 


1000 
10000 


►'^^ 


0-01212. 
0001212. 


100000 




00001212. 


1000000 




000001218. 



Biofir mmj wo divido a deeimal hy 10, IQQ, 1000, Ate. 1 When in the deeinial nini> 
her there are not ae nftany ^guiaa on ihe loft of the decimal point at these are eiphMi 
in the diTieor, how do yoo proce ed 1 



FEDERAL MONET. 

98. This is the currency of the United States. 
Its denominations, or names, are Eagles, Dollars, Dimei^ 
S^^ents, and Mills. 
Eagles, 

Half Eagles, ^ are coined from goM.* 
Quarter Eagles, 




■of* at end oTth* lahiMt «rT«ahti^l&flM1' 



1|2 BLEMEKTART ARITHMETIC. 



>- are coined from silver. 



DoUaiB, 

Half Dollai:^, 

QAiarter Dollars, 

Dimes, 

Half Dimes, 

Cents, > • J r ^ 

Half Cen^, ^"^ ^^'^^^ ^'^"^ ^^PP"'' 

The Mill is never coined. 

tiO. The ^old fpr coinage is not pure, but con^iscs of 
If of pure gold, -^ ^^ silver, and -jV of copper; or, as 
tisually expressed, 22 carats of gold, 1 of silver, and 1 of 
copper. A carat being -5^ part of the whole. ' - ' 

The standard for silver is .1489 of pure silver t6 179 of 
pure copper; which, in carats, is 21t^ of silver, and 
2AfV of copper. 

The copper coins are of pure copper. 

By an Act of Congress, approved January 18, 1837, the 
gold and silver coin was to consist of tWV=tV P^re 
metal^ and ■iWV=tV alloy. The alloy for silver was to 
consist of pure copper, and the alloy for gold was to con- 
sist of copper and silver, provided that the silver does not 
exceed one half of the whole alloy. 

The weight of the Eagle was fixed at 258 grains ; the 
weight of the Dollar was to be 412i- grains ; that of the 
Cent was to be 168 grains. \ 

TA3I<E QT XlinNSilAIi MONEY. 

10 iQills m make 1 ceiit, ct 

10 cents " 1 dime, A 

10 dimes « 1 dollar, $.* 

10 dbllare « I eagle, R 

* 77ie »jnabol$ i$ nrobablw a con^bination of tbe VbVkfBn\3 .^m^^^*>"^%i^«*VM» 
Waited autm BHM9J, 
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m. cL 

10= 1 d. 
100= 10= 1 $. 
1000= 100= 10= IE. 
10000=1000=100=10=1. 

When M Federal Money nted 1 What are its deoominationi 1 Which are ooined 
fiom gold 1 Which from stiver 1 Which firom copper ? Which one ii neyercoined f 
What metals are mfated with gold for coining ? In gold coins, what is the ratio of the 
copper and aiWer to the gold 1 What is a carat 1 What is the stan^rd for liWer 
coins f What is the ratio when estimated in carats Y Is the copper for copper coins 
ilw allojed 1 By Act of Congress, 1837, what fractionM pert of gold, and silver coin is 
pen metal 1 And what pnrt is alloy 1 Of what metal is the alloy for silver 1 Of 
what metals is the alloy for gold 1 What is the weight of the Eagle 1 What is tbt 
weight of the Dollar 1 What the weight ^of the Cent 1 Repeat the table of Federal 
Money. 

0O. Since the difierent denoininations succeed each 
other in a ten-fold ratio, as in whole nuniber9 and decimals, 
it is plain that the preceding rules for decimals are appli- 
cable to this currency. The United States was the first, 
and only government, that adopted the decimal division 
for its currency. It is much to be regretted that they 
did not, at the same time, give the decimal division to 
their weights and measures. Notwithstanding the great 
simplicity of the decimal division, a large number of our 
merchants mark their goods in shillings and pence, caid 
some even keep their book accounts in English currency. 
The rates of postage, having been fixed in Federal cur- 
rency, will do much towards bringing about its universal 
use in the United -States. Federal money ought never to 
be treated as consisting of different denominations, since it 
is by far the simplest and best way to consider its denomi- 
nations the same as decimals. . To make this more clear, 

we' will give the following table of Federal Money : 

10* 
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TABLE. 



to 



s S ^ 
a 8 ^. 

t»D g ^ if * 

- S B * "§ !.'§ -§ 






'g aa '^ O •j^ rS 'r> 

^ I g § 2 I "I 

Eh tU Eh D E*t Oh ^ 

4 4 4 4 . 4 4 4=:$4444, 44 cents, 4 millB. 

4 4 4.4 4 4 =$444, 44 cents, 4 mills. 

4 4. 4 4 4 =$44, 44 cents, 4 mills. 

4.4 4 4=$4, 44 cents, 4 mills. 

0.44 4=44 cents, 4 mills. 

0.04 4=4 cents, 4 milk. 

0.00 4=4 mills. 

\ . . / 

It is customary, in accounts, to use only dollars, cents, 

and mills, so that eagles are expressed in dollars, and 

dimes in cents. 

In what ratio do the diflTerect denbinin^tioDt of Federal Moaey decrease 1 Are the 
rule* for decimali applicable to th ji feiurency 1 Should Federal Money be treated at 
denominate nnmbpral In aoeounta, which denominatione only an oaedl Bow* 
then, are Baglef ezpreiaed 1 How are Dioiei ezprewed t . 

Thus : 5 eagles and 6 dollars is the same as 56 dollars. 
4 dimes and 5 cents is ;the saitie as 45 cents. 
3 dimes 3 cents and 3 mills is the same as 333 mills. 
2 dimes and 2 mills is lYie same bjb "Wil^ xoS^a. 



m FEDERAL MONET. |i5 

f 1 dollar is the same as 100 cents, which is 1000 milku 

f 2 dollars is the same as 200 cents, which is 2000 mills. 

5 dollars is the same as 500 cents, which is 5000 mills. 
7 dollars is the same as 700 cents, which is 7000 mills. 
56 dollars is the same as 5600 cents, which is 56000 

mills. 
365 ^oUuB is the same as 36500 cents, which is 365000 
mills. 
3456 dollars is the same as 345600^ cents, which is 
3456000 mills. 

&>c. dtc. 

From this we see that dollars are changed into cents by 
annexing two ciphers ; cents are changed into mills by 
annexing one cipher, and dollars into mills bj annexing 
three ciphers. 

How are doUan changed into oeotel How are eentt dwaged into milbl Hew am 
doOan ehasfod into milbl 



1. How many cents in $6? Ans. 600, 

2. How many mills in 13 cents? . Ans, ISO. 

3. How many mills in $4 and 45 cents? Ans, 4450. 

4. How many mills in 75 cents and 1 mill ? 

Ans, 751. 

5. How many cents in $9 and 13 cents? Ans. 913. 

6. How many mills in 95 and 55 cents and 5 mills? 

Ans. 5555. 

61. If we cut off one figure from the right of mills, 

which is dividitig by 10, (Art. 30,) the sum will be 

changed irito cents ; if from the right of cents we cut off 

two fio-ures, that is, divide by 100, the sum will b^ changed 

JDto dollars; and if from the rigVil o^ iciWa^^ ^\iX ^'S.'CXawb 
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figures, that is, diyide bj 1000, the sui^ will be chai)jged 
into dollars. The part out off will be a decimal portion 
of the denomination to which the sum is changed. 

Ho« may miU* be ehaiiged to o^nU 1 Haw may canU be chaDged to doUvs 1 How 
may vtilb be chani;ed^ to dollara ? 

EXAMPLES. 

1. How many dollars in 113 cents? Ans. $1-13. 

2. How many dollars in 12345 mills? ^^.$12-345. 

3. How many dollars in 1004 mills ? Ans. $1,004. 

4. Hpw many cents in 45678 mills ? 

Ans. 4567*8 cents, 

6. How many dollars in 2456405 mills ? 

Ans, $2456-405. 

TABLE 

OF SOKl FB^O^IONAL PARTS OF X DOLL AS FREODBNTLX VBMD. 

5 cents =c-g*5- of a dollar. 

6^ cents tx-iV o^ a dollar. 
8-^ cents =tV of a dollar. 

10 cents =tVo^ ^ dollar 

12-i- cents =^ of a dollar. 

16f cents =:f of a dollar. 

20 cents rr-J- of a dollar. 

25 cents rr-J- of a dollar. 

33+ cents=:i of a dollar. 

50 cents :=r-J- of a dollar. 

100 cents =1 dollar. 

69* QUiSSTIOIVS WROUGHT ^T DECIMALS. 

1. Bought 4 loads of wood; the- first contained 0*97 
conds, the second jcontained lOS cotda,X\iftX\i\t^CiQTi\.^\MA 



QUBBTION8 IN DECIMALS. 1^ 

0*945 cords, the fourth contained 1-005 coids. What did 
the four loadd measure? Ans. 3-95 cords. 

2. In the month of May the amount of rain was 3*15 
inches, in June it was 4*05 inches, in July it was 2-97 
inches, and in August it was 3*03 inches. How much 
rain fell during these four months ? Ans, 13-2 inches. 

3. Ihizing three successive days the mean range of the 
barometer was 29-04 inches^ 29-51 inches, and 29*73 
inches respectively. « What is the sum of these heights ? 

Ans. 88-28 inches. 
- 4. Bought a box of misins for $1-75, one bushel of 
apples for $0*375, one cheese for $3*175, one barrel of 
sugar for $15-50. What did ibe whole amount to? 

Ans. $20-80. 

5. A fanner receives $15-375 for a cow, $75 for a fine 
horsety $3-125 for some potatoes, $5-55 for some poultry. 
How much did he receive in all ? Ans, $99*05. 

6. A person bought some velvet for $3*333, some broad- 
cloth for $18-75, some silk for 12*50, some cotton cloth for 
$5-405, a shawl for $12*25, some carpeting for $30*05. 
What did the whole amount to? Ans, $82*288. 

7. A person borrowed $213-375, of which he has paid 
$107' 18. How much does he still owe? 

Ans, $106-195. 

8. Bought a cow for $13-25, paid $6*875. How much 
remains unpaid ? Ans, $6*375. 

9. What will 185 pounds of coffee cost, at $01 38 per 
pound? Ans, $25-53. 

10. Bought 8-375 cords of wood, at $2*50 per c<nd. 
I What did it cost? Ans. $20-9376. 

|! 11. What will 121-5 gallons of molasses come io, at 41 

cents per gallon ? . Ans. %«k^*'^W 
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12. The length of the Erie Canal is 364 miles, and it 
cost $7143790. What was the average expense of on^e 
mile? Ans. $19625-796+. 

13. The Crooked Lake Canal is 8 miles loiig, and cost 
$156777. How much is this per mile? 

Ans. $19597- 125. 

14. In 1842, the whole number of children taught in 
the district schools of the State of New York was 598901 ; 
the whole amount disbursed for common £chools% was 
$1 156419-90. How much was that per scholar? 

Ans. $1-929+. 
16. The salary of the President of the United States is 
$25000. How much is that each day? ^n^. $68*4934-. 

16. In one rod there are 16*5 feet. How many rods in 
3673 feet? Ans. 216^54+ rods. 

1 7. Bought a farm of 137 acres for $5324. How much 
was that per acre? Ans. $38^861+. 

18. If 35 -miles of railroad cost $400000, how much 
was the average cost per mile ? Ans. SI 1428-574'. 

19. Suppose ft carriage wheel to be 12 feet in circum- 
ference, how many times will it revojve in passing over a 
distance of 100 miles, there being 5280 feet in a mile T 

Ans. 44000 times. 
?0. If ^t each stroke of the piston rod of a locomotive 
engine a distan6e of 13-25 feet is passed over, hbw many 
strokes must be made in passing a distance of 93 miles ? 

\i4n5. 37059-62+ times. 

21. In 1845, the revenue or interest from the School 

Fund of the State of New York was $86828-96. During 

tlie same year there were employed 7147 teachers. If the 

above sum were equally divided among those teachers, 

wliat would each one received Ans. %\%A^a-V, 
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22. In 1844, the whole nuiQber of school districts of 
New Yor^ was 10990, and the whole number of children 
in said districts, between the ages of 5 and 16 yeais, was 
696548. What was the average number for each district ? 

Ans. 63*38, nearly. 

23. In New Yoijc, the total number of volumes in the 
11018 school district libraries was 1145250. What was 
the average number for each library ? 

An9. 103-94+ volumefli. 

24. In one mile there are 1760 yards, and in one rod 
there are 5^=5*5 yards. How many rods in one mile ? 

Ans». 320 rods. 

25. If light passes L91515 miles in a second, how many 
seconds will it require to pass from the sun to the earth, a 
distance of 95500000 nailes ? Arts. 498-65+ seconds. 

26^ If a cubic inch of pure water weigh 252*458 grains 
avoirdupois^ of which 7000 make one pound, what is the 
weight of the Imperial or English gallon, which contains 
277-274 cubic inches? 



Ans S '^0000'^39492 grains, 
^' I 10000005 pounds, nearly. 



27. If one Imperial gallon contain 277*274 cubic inches, 
how many cubic inches in 8 gallons or one bushel, and 
how many cubic. feet of 1728 inches each? 



^^ ( 2218*192 cubic inches, 
' ( 1*283 « feet, nearly. 



28. If one cubic inch of pure water weigh 252*458 
grains avoirdupois, how many grains will 1728 cubic 
inches, or one cubic foot, weigh, and how many pounds 
of 7000 graips each ? 



Ans \ ^36247-424 grains, 



62*3*iV% ^>Kv^%;x«axV3. 
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29. A farmer sells his butter for $0*21 per pound, le- 
ceiving $1613-22. How many pounds did he sell ? 

Ans, 7682 pounds. 

30. The butter made from the milk of 53 cows during 
the summer, being sold for $0-20 per pound, brought 
$157d'40. How many pounds were sold, and what was 
the average produce of each cow ? 

. i . Amount sold 7897 pounds. 
< Average per cow 149 ** 

31. In a dairy of 46 cows, suppose each averages 2*5 
gallons of xnilk daily, and that each gallon produces 1-1 
pounds of cheese, how many pounds will be thus made 
5-7 months of 30 days each ? Ans. 21631-5 poimds. 

32. A farmer sold as follows : 

15127 pounds of cheese, at 675 cents pej pound) 

400 « « butter, « 15 « «* " 

2400 « « pork, « 5 . « ^ « , 

53 bushels of wheat," 125 « « « 

73 ^ « barley," 50 " « « 

231 « "com, " 50 « « a 

262 ^ " oats, « 30 " « " 

What did the whole amount to? Ans. $1497-9225. 



To find the value of articles estimated by the 100 
or 1000. 

What is the value of 9425 bricks, at $3-25 per 1000 ? 

Had the price been $3-25 for each brick, we should 
multiply the price per brick by the Qumber of brick^ : 
that is, $3-25 by 9425 ; or, what is the same tiling, yr^ 
for convenience sake, make the true multiplicand the 
maltipU&Cj as in the following 
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emunoN. 

9425 
3-25 



47125 
18850 
28275 

S30631-25 



This value of $30631-25 is evidently 1000 
times too much ; therefore, to obtain the true 
value, we must divide it by 1000, which is 
done, (Aet. SS7,) by removing the decimal 
point three places to the left ; it will then be- 
come 930-63125. Had they been $3-25 per 
100, then, initead of removing the decimal 
point three places to the left, we should have 



removed it two places. Hence we have this 



RULE. 



MuUiply th0 number ofwrticUs by ike number eapressing 
the price per 100, or 1000, and from the product cut off two 
of the right-hand figures iohen the articles are estimated b^ 
the 100. and three when they are estimated by the 1000. 



EXAKPLE8. 

1. What is the value of 130Q feet of hemlock boards, 
at $5-60 per 1000? 

OPERATION. 
1300 

5-50 



65000 
65_^ 

$7-15000 

* ■ * ... . 

In this product we set off five figures for-decimalii ; two 
according to Art. tUSj and three more because the articles 

Mff estimated by the 1000. 

•^ 11 
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2. What is the value of 675 feet of clear pine stufi^ at $25 
per 1000? Ans, $16-875. 

3. What is the value of 11035 feet of timber, at $2-25 
per 100 ? Ans. t248-2875. 

i 4. What is the value of 90422 brick, at •3-75 per 
1000? u4n*. $3390825. 

4 

6. What must be paid for laying 875 bricTc, at $3*25 
per 1000? Arts. $2-84375. 

6. A compositor worked nine months, and duhng that 
time set up at the rate of 7000 m's per day. How many 
thousand m's did he set up, reckoning 25 working days to 
the month? and how much did he receive at 15 cents per 
1000 m's ? , Ans. 1575 thousand m's. 

$236'25 amount he received 

7. Add together the following fractional parts of a 
doUar : Vr, tV> A^ tV> h h h h h h (See Table under 
Art. 610 .An^. $1.87^. 

8. A man in balancing his family accounts for one 
year, found his expensBs as follows : for January, $98-41 ; 
for February, $81-33 ; for March, $10228 ; for April, 
$125-26; for May, $74-38; for June, $7347- for July, 
$65-98; for August, $87 21 ; for September, $70 34 ; for 
October, $12208 ; for November, $79-68 ; for December, 
$52*77. His salary was $1050 per annum. What had 
he left at the end of the year? * Ans. $1681. 

9. A butcher, a shoemaker, and a tailor gave orders on 
each other in the way of their business, and at the end of 
a year settled accounts. The but'cher^s bill against the 
tailor was $6184 ; against the shoemaker, $39-44. The 
shoemaker's bill against the butcher was $24 30 ; against 
the tail(M:, $19*15. The tailor's^ bill against t)xe butcher 
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was $42-07 ; against the shoemaker, $39 39. Who 
received balances in cash ? 

Ans. Butcher received from tailor, $19-77. 

" « '* shoemaker, $15-^. 

Tailor « " " • $20-24. 

Note.— By an Aot of Congress passed Feb. 20, 1849, the Dmble 
Eagle and the Gold Dollar were added to the Gold Coins of the 
United Sl/ites. The act directing the coinage of these pieces is to 
be in force nntli March 4, 1851. See Art 5a 
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64. A SIMPLE NUMBER is an expression for a certain 
number of units having no reference to particular things. 
Thus 37 is the same as 37 times one, abstractly con- 
sidered ; that is, considered apart from anything that 
units might represent. It ^ does not . mean 37 times a 
pound, foot, dollar, or an^^thing else. 

A DENOMINATE NUMBER -is an expressioo foT a certain 
number of units having reference to particular things. It 
denomihcUes what things are ineant. Thus 8 yards is a 
denominate number whose unit is 1 yard ; 8 dollars is a 
denominate number whose unit is one dollar. 
i Several numbers of different denominations are fre- 
quently grouped together, as 6 feet 3 inches. 

All our different kinds of weights and measures are 
denominate numbers: It is much to be regretted that we 
are obliged tp employ such a variety of different measures, 
when the same end would be accompUshed by one meas- 
ure for weight, and one for each of the three geometrical 
mag^nitudesj lengths, surfaces and 8o\id8,«tu^ ou^lcst V\xsiA 
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The French government have adopted such u system of 
weights and measures, graduated on the decimal scale of 
notation. 

In multiplication, the multiplicand being repeated a cer- 
tiiin number of times, or a Certain fraction of a time, when 
the multiplier is a fraction, it follows that the multiplier, 
considered ^s a multiplier, must always be regarded as a 
simple or abstract' number. And since thei product is a 
, repetition 'of the multiplicand, it must be. like the multi- 
plicand; that is, if the multiplicand is an abstract num- 
ber, the product will be an abstract number ; if the multi- 
plicand is a denominate number, the product will be a 
denominate number of the same kind. 

In division, the quotient showing how many tii^es the 
divisor is contained in the dividend, or what fraction of a 
tinie when the divisor is greater than the dividend, it fol- 
lows that the quotient must be regarded as an abstract 
number ; and that the divisor and dividend must be alike. 

Note. — In many ckses, however, the process of division is rather 
the dividing of a dividend into as many equal parts tis are indicated by 
4he divisor ; in which case> the quotient, expressing the units in one 
of those parts, is of the same kind as the diytdead, while the divisor 
is to be regarded as an abstract number. See Ezainple, Art. S4|^ 

What is a simple number^ What if a denominate number 1 What kind oSmm^ 
ben are all our diifwent weights and measures 1 What is said of the French measures 1 
In multiplication, can the multiplier ever be a dtaoniinate ibumber 1 Are the prodnet 
and in altiplieaod always alike 1 What is said of the qnotientl. What is.aaid in 
the note 1 v 

The following are some of t}ie most important tables of 
weights and measures at present employed in this coi^try. 

ENGLISH MONEY; 

6tl. The denomination of English money ^re Par- 
tbiiigs, Pence, Shillings, and Pounds. 
The potrnd gtorling, irhiob. weia nox «i ^o\vi.^\sM\. ^\)%:c^ 
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note of 20 shillvigs, has now gone into disuse, and a gold 
coin, called a Sovereign^ supplies its place ; but the name 
pound is still given to 20 shillings. 

TABLE.* 

4 farthings, far, make 1 penny, d. 



12 pence 


« 


i 


shilling, 


s. 


20 shillings 


a 


1 


IK>und, 


£. 


/or. 


d. 






, 


> 4- 


1 


s. 






481= 


12= 


1 


£ 





960=240=20=1 

NOTE.T— Farthings are sometimes expressed in fractions of a 
penny, as follows: 1 farthing=i <2., 3 farthings =i<2., 3 fiurthings 

What u« -the deaomiiMtioos of Btiflnh mooay 1 Which dmaaiaiitiao li i»««tr 
•oined 1 What gold coin is eqaivalent in value to one poand 1 Repeat the Table. 
Hcnr are Ihxfhingi lOdietimes ezprened 1 

tROY WEIGHT. 

6S« The original of all weights used in England was 
a grain or corn of wheat, gathered out of the middle of 
the ear ; 82 of these, well dried, were to make one penny- 
weight, 20 pennjrweights one Oimce, and 12 ounces one 
pound. But in latter times, it was thought sufficient to 
divide the same pennyweight into 24 equal parts, still 
called grains, heing the least weight now in, common 
usa 

Coins, precious metals, jewels, and liquors, are weighed 
by Troy weight 



• The fbll weight and Talne of Eogliih gpid and filver coin aie ae inthamiGeeadinf 
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TABLE.* 

24 grains gr. make 1 pennjnxreight, jwt, 
20 pennyweights** 1 ounce, oz. 

12 ounces " 1 pound, ft. 

gr. pv>t. 
24= 1 og. 
480= 20= I lb. 
5760=240=12=1 

Whttt was the original of all weights us^ jn England 1 How was the grain oh 
tainad t Is it still -used as a weight 1 What substances are weighed by Troy 
weight 1 Bepeat the Table. 

APOTHECARIfiS' WEIGJiT. 

67* This weight, as its name would imply, is used in 
weighing medicines in small quantities, aft for prescrip- 
tions. But drugs and medicines in gross are bought and 
sold by Avoirdupois Weight. Tne pound and ounce 
Apothecaries* Weight are the same as in Troy Weight. 



Namb op Coin. . 


1 , 
Valub. 


*y«ioJrr. 




£ 9. d. 


fitt. gr. 




'A.guine^, 


11 


6 9} 




Half guinea, 


10 6 


2 16? 


Gold. ' 


Quarter guinea. 


5 3 


1 8} 




Sovereign, 


10 


6 3,»r 




. Half sovereign, 


10 


3 n^r 


I 


' A crown. 


5 


18 i^ 


Silver, i 


Half crown. 
Shilling, 


2 6 
1 


9 2A 
3 15^ 


w Si9:pence, 


6 


1 19 A- 



* ^b scale of weights is said to have baen borrolr|B4 orfginally from 7Voya« £■ 
France—hence its name. Some, however, contend that tha name has refeienca ta 
ibfi mookiBb thh given to London, of Troy Jfovant. 
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TABLE. 

20 grains^, make 1 scruple, 3 
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3 scruples " 


1 dram, 


3 


8 drams « 


1 ounce, 


f 


12 ounces " 


1 poun(), 




gr, a 


-^ 


\ 


20= 1 


3 




60= 3= 


1 f 




480= 24= 


8= 1 Sb 




5760=288= 


96=12=1 





Fbr irbat parpote it ApoUwcwiet' Weight oMd 1 Do ito poond and outM dl Ai 
I lion Troj Wei^il 



AVOIRDUPOIS WEIGHT. 

68. By this weight are weighed all things of a coarse 
or drossy nature, as bread, butterj cheese, flesh, groceries 
and some liquids ; all metals, except gold and silver. 

TABLE. 

16 drams dr, make 1 ounce, 09. 



16 ounces ** 


1 pound, 16. 


28 pounds " 


1 quarter, gr. 


4 quarters " 


1 hundred weight, ewt. 


20 hundred weight " 


1 ton, T. 


dr. OS. 


• • 


16= 1 


a. 


256= 16= 


1 qr. 


7168= 448= 


28= 1 cwf. 


28672= 1792= 


112= 4= 1 T. 



673440=35840=2240=80=20= 1 



128 ELEMENTARY ARITHMETIC. 

The pound Avoirdupois contains 7000 grains. 

From the preceding table, it will be seen that 112 pounds 
instead of 100, are called one hundred weight. In most 
cases however the hundred wdght is taken equal to 100 
pounds, and 25 pounds, instead of 28, is called a quarter. 
Goal merchants in bujdng coal receive 112 pounds for a 
hundred weight, and 20 hundred weight for a ton, making 
2240 poimds ; but they retail it at 2000 pounds for a ton. 

What mlMtaiioM aiewMghed by Avoirdapoh W«ight1 RepeaLt the Tabh. By 
thii weighs hew malaj pounds make oMhondlred weight) In mwt ettwehow natny 
pMUMb make a hundred wei^^ 1 How is coal osaolly bouj^t and soM 1 



LONG MEASURE. 

60* It is usual, at the present time, to derive the meas- 
ure of length from that of a pendulum vibrating once in a 
second of time. The length of such pendulums will vary 
for different latitudes, as here given. 



Plaobb. 


luTrruDns. 


Lbnoth ih iHomr. 


Equator, 


Oo 0' 


0" 


3901612 


Cape of G. H., 


»3 55 


15 


3907815 


New York, 


40 42 


43 


3910120 


Paris, 


48 50 


14 


3912929 


London, 


51 31 


8 


3913929 


The Pole, 


90 





3^9 21820 



The French government derive their linear ^mit of 
measure from one quarter of the circumference of a great 
circle of the earth passing through the poles. Having 
determined by actual surveys the length of that portion of 
such a circle comprised between the parallels of Dunkirk 
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and Barcelona, they deduced its entire length from the 
equator to the pole, and todk one ten millionth part of it 
for a metre. This method gave for the French metre 
39-37079 English inches, equal 3-2809 feet, nearly. 

TABLE. 

3 barleycorns ^ar.^make 1 inch, . in. 



12 inches 




u 


1 foot, fi. 


3 feet 




u 


1 yard, yd. 


5i yards 




a 


1 rod, perch, or pole, rd. 


40 rods 




u 


1 furlong, Jwr, 


8 furlongs 




ii 


1 mite, nU, 


3 miles 




u 


1 league, L, 


t69f miles, nearly 




u 


1 degree, deg, or ®. 


in. 


fi' 






12= 

« 


1 




yd. 


36= 


3 


:^ 


1 rd. 



198= 16i= 5i- l/«r. 
7920= 660 = 220 = 40=1 mi, 
633§0=5280 =1760 =320=8=1 

Fkom what it the measare of length, at the pieteat time, utuaQy derived 1 Mtatioa 
the leagtha of the leoond*! pendulum for the ptaces |[iven above. How do the Fraaeli 
derive their measare of length % How ii their metre obtained ? What is {|i length 
fai Englidi inehes ? What is the length in feet 1 , 

Bqieat the Table of. 2«ong Measure. 



* This measme has faSev iaCo dii&se, and ftir snnJl poMoM of an faieh, wt use 
ooe-eighth, one-tenth, and oAe-sixteenth. 

t The latest roeasurenmcits give thd equatorfal diameter of tlM earth equal to 
TDSS-IHS miles, and its circumferedce equ<U to S48Q9 miles, which, divided by 360, 
gives the leng^ of a degree Od| mile«, nearly. The cireomfbtenoe corresponding 
with the eqnejtor is nearly circulai, while the cironrnferenoe passing through the poles 
lieUiptieal. 
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70. 



•. 


CLOTH MEASURE. 






TABLE. 


2}- inches in 


. make 1 nail, no. 


4 nails 


u 


1 quarter of a yard, yr. 


3 quarters 


u 


1 Ell Flemish, £. Fl 


4 quarters 


u 


1 yard, yd. 


4 qr,H in. 


At 


1 Ell Scotch, £. S. 


5 quarters 


« 


lEllEngUsh, E,E. 


6 quarters 


M 


1 Ell French, E, Ft. 



AtpMt the Table of Cloth MeMora. 



SQUARE MEASURE. 

71. This measure is used for estimating artificen' 
work, such as boards, glass, pavements, plastering, floo^ 
ing, painting, and any other kind of work where length 
and breadth only are concerned. It is always employed 
for measuring land, and for this reason it is sometiiiies 
called hand Measure, s ' • 

A square is a figure having four equal sides, and all itg 
angles rigkt^ that is, the sides are perpendicular to each 
other. 

If the length of one of the 
sides is one inch, it is called 
a square inch, -if the length 
of one of the sides is one 
foot, or 12 inches, it is called 
a square foot ^ which by the 
adjacent figure we see is 
composed of 12x12=1 44 
jfuare inches. , 
In a Bimilar manner, if we 









i foot=l5 incheiu 
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had a sqttare, each of whose sides was 3 feet, then it 
would contain 3x3 =9 Sq. feet, which is called one square 
fordj since 3 feet=l yard. 



TABLE. 



144 square inches Sq, in. make 1 square foot, Sq, ft. 



4 
•640 



9 square feet 
30^ square yards 
40 square poles 
roods 
acres 

Sq. in. 
144= 
1296= 
39204= 



u 



u 



a 



M 



1 square yard, Sq. yd. 

1 square rod or pole, P. 

1 rood, 

1 acre, 

1 square mile. 



R. 

A. 
M. 



Sq.ft. 

1 Sq. yd. 

9 = 1 P. 

272i= 30^^= 1 R. 



1568160=10890 =1210 
6272640=43560 =4840 



^ 40=1 A. 
=f;160=4=l 



t^ In measuring land, Gunter's chain is used ; its length is 
4 rods, or 66 feet. It is divided into 1 00 links. 



7-^ inches make 

100 linksj or 4 rods, or 66 feet, ^ 
80 chains " 

10000 square links ' " 

10 square chains 



1 link, . U 
1 chain, e, 

1 mile, m. 

1 square chain. 



" 1 acre. 



A. 



WlMt me is made ofSquare Meaanre 1 When employed in measuring land, bow h 
H edied ? What w a tquaie t When a iquare is one hidi on each lide how b it 
flftlled 1 When it it one foot or IS inches on each side bow is It called 1 When it it 
me yaid oto eacli side how it it called 1 Repeat the Table of Sqoare Measure. In 
&ud Measure, with what are the sides of the field osnaUy measured 1 How long is 
^ia ehaini RepeattheTableof Land Measure. 



•^ The acre is in an eases applied to surface or area. Ther* is no such thing as aft 
«DM kMf, or a cubic acre. It is of such a macnitode as not to admit of beinf 
accanteJjr givon In the form of a square, haying thia «\&«a «&M^i ^RttncioKmAL. *tl^ 
mm0 nmarkt an Af^lieahh to the rood. 
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SOLID. OR CUBIC MEASURE. 

73. This ia used in measuring all bodies where ire 
a&ve regard to length, breadth, and thickness, such as 
earth, stone, timber, &c. 

A Cube is a solid bounded hy six eqvtal squares, reeeto- 
bling a commMi tea-chest. 

If tho aides of a cube are ' "^ 

each one inch long, it is called 
a eubie iiuh. If each side ia 
one foot, it is called a cubic J I 
foot. If a Bide is one rod, it is 
called a etiiic rod. 

In the adjoining figure we 
have endeavored to represent 

a cube, each side of which ia 3 feet, or one yard, and cod- 
sequently it is one euhie yard. 

The top, which is equal to the base, contains 8x8=9 
square feet ; hence, if this was only one foot in height, it 
would contain 9 cubic feet ; but as it is 3 feet in height,Tt 
muBt/herefore contain 3 times 9t=27 cubic feet. Hence, 
one cubic yard is equivalent to3x3x3=27 cubio feet 

In the same way one cubic foot is equivaleat to 12 X 
12x 12=1728 cubic inches. 



1728 solid inchra S. in. make 1 solid foot, S.Ji, 
27 solid feet " 1 solid yard, S. yd. 

•40 feet of round timber or) „ , _^ 

SO feet of hewn timber i ' 

126 solid feet " 1 coid of wood, O. 

* 4 ta of ranod timJMi la w mach ■«, kWi Wn&, ita^ ndu W vote IMi. 
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A pile of wood 4 feet wide, 4 feet high, and 8 feet long| 
will make one cord. One foot in length of such a pile is 
sometimes ceLUed a cord foot. It contains 16 solid feet; 
consequently 8 cord feet make one cord. 

For what it Solid MMsim and t WhatbaColMl is a esbie jaid how many 
cnbie feet 1 In a eobie foot how maiqr enhie inehet 1 How many eobie Ihit ol 
nKHid timber make a ton 1 How many of hewn timber 1 How many enbie Ibet 
make n eoid of wood Y BkpUn t^hatlimeantby aeoidlbot 



WINE M^SURE. 

7S« By this are measufed all liquids except beer. 

TABLB. 

4 gills gi. make 1 pin^, pt, 

2 pints ^' 1 quart, ^. 

' 4 quarts " 1 gptllon, gal. 

31-)- gallons " 1 barrel, bar, 

63 gallons " 1 hogshead, hhd. 

2 hogsheads " 1 pipe, pi. 

2 pipes '^ 1 tun, tun, * 

gi. pt. 
4= 1 ^. . 
8= 2= 1 gal. 
32= 8= 4= 1 bar. 
1008:;= 252= 126= 31^=1 AM. 
2016s {{04= 292= 63 =2=1 pL 
4032=^1008= 504=126 =4=2sl tun. 
8064=2016= 1008:;=252 a8s:4=2=l 

The wine gallon contains 231 cubic or solid inches. 

Whatli^QidiaM meafimd byWiD«MMiiiw1 ftapMHthn TdUk BMr«tB| 

12 





1 
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74. 


'AfiK, OR BEER MEASURE. 




TABLE. ' 


2 pints pt. make 1 quart, qt, 

4 quarts ^ 1 gallcm, goL 

%^ gallons " 1 barrel, bar. 

\j[ barrels '< 1 hogshead, khd. 




pt qt 
2= 1 gal 
8= 4= 1 Jar. 




288^144=36=^1 AAdL 




432=216=54:^ li==l 



The beer gallon contains 282 cubic or solid inches. 

Wlmt is mMfored by Baer M eamre 1 kepeat the Ttible. How maajr cabie laclit 
InCfaebaargattonI 

DRY MEASURE. - 

TS* Bj this are measured all dry. wares, as grain, 
seeds, roots, fruits, salt, coal, sand, oysters, &c. 

TABLE. 



2 pints pt.^ make 1/ quart. 


qt. 




8 quarts " 1 peck, 


pk 




4 pecks ^ 1 bushel. 


hit. 




•36 bushels « 1 chaldron, 


cJL 




pt. qt 






2= 1 ph. 




- 


16s= 8= 1 ht ^ 


•. 


• 


64= 32= 4= 1 dl' 




« 


2304=1152=144=36=1 


• 


• .•■• 



• fa tte UiiiSMd eialM»\wAMaK£l tftHMrau 
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Bjr th^ English statute the dry gallon must contam 
2681^ cubic or solid inches. The corn or Winchester 
bushel must contain 2150f cubic or solid inches. This 
measure is of a cylindiic form, 8 inches ^eep and 18^ 
inches in diameter.' 

By an act of Parliament, which >took effect the 1st of 
January, 1826, the imperial gallon of 277-274 cubic inches 
was adopted as the only gallon. This gallon was to 
consist of 10 pounds, avoirdupois, of distilled water. 

Note. — If we divide 1728, the hamber of cubic Inches in one 
enbic foot, by 277*274, the namber of cabic inches in the s^lloo, 
we shall obtain 6-^21 for a quotient, which is the namber of gallons 
in one cabic foot. Multiplying 6*2^1 by 10, the namber of pounds 
in one gallon, we obtain 62*321 lor the number of avoirdupois 
pounds in one cubic foot of water. In one avoirdupois pound 
Ihere are 7000 grains^ and in 10 pounds there are 70000 grains. 
Bot 10 pounds is the weight of one gallon, which contains 277*274 
cubic inches. Hence, dividing 70000 by 277*274, we find 252*458, 
the wei^t in grains of one cubic inch of water. 

According to the Revised Statutes of the state of New 
'York, a cubic foot of distilled water, when estimated 
under prescribed circiunstances, is to consiist of 62-jt 
pounds, or 1000 ounces avoirdupois weight. • Eight 
pounds of such water is to constitute the gallon for 
liquid measure, and ten pounds is to make the gallon for 
dry measure. 

Wbat vrttclet are ixMaiiiT«d by Dry Uaatorel Repeat Iha Table. Bow many 
eabte inebei in the dry gallon, aeeordiiig to the English statute 1 How many eubie 
imethm io a bushel 1 What li the form and dimennoni of the Winchester bushel 
■easnre T How many cubic inches in the English imperial gallon 1 The imperial 
gaHon eoDtaias how many pounds of distilled water 1 One cttbic foot of water weighs 
hew Many «ToiidupoJs pounds?, 'How many TrOy pounds?- One co^io inch of 
water weighs how many grains 1 How many pounds of water constitute the dry gal* 
km, aeeordiny to'the Revised Statutes of New York T Bow many pounds make the 
K^jaUoo? 
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TIME. 
TABLE. 



60 seconds see. 
60 minutes 
24 hours 

7 days 

4 weeks 

13 mo.) 1 da., 6 hr.yOr 
365 da., 6 hr. 



1 

make 1. minute, pdn. 

r " 1 hour, kr, 

1 day, da. 

1 week, wk 

1 month, mo. 

> " I Julian year, yr 



u 
u 



see. mtn. • 

60= 1 hr. 

3600= 60=± I da. 
86400= 1440== 24= 1 wk. ^ 
604800= 10080= 168= 7 = 1 yr. 
31557600=525^60=8766=365f =52^=1 

The true length of the solar year is 365-242217 days, 
or about 365 da. 5 hr. 48 m. 47| sec. 

The civil year is also divided into 12 calendar months, 
as follows : 



DATS. 

1 iQOQth, Janaw, . . . « Sd 

3 " February, . . . .38or29 

3 ** March, 31 

4 " April, .... . . 30 

i ** May,. . .... 31 

** June, ...... 30 



7 month, July, 31 

8 " August, . . . . .31 
" September, ... 30 

10 ** Octobet, . . . . . n 

11 ** NoTorabOT, ... SO 
13 ** December, . . . . » 



or 



If the year exceeded 365 da3rs by 6 hours exactly, then 

once in four years these hours would, amount to another 

day. Hence, once in four years, an additional day is grven 

to the month of February ; mv^ ^wgIcl •j^^ta ^^^ ^i^Aiad 
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Hsseztfle or Lbap years. But, sinc^ thifi excess is not 
qinte 6 hours, this rule of adding one day to Februatj eveij 
fourth year is interrupted, and the centennial years^ which 
are not divisible by 400, are regarded as common years.* 

Hence, any year, (except a centennial yetEir,) which is 
divisible by 4, is a Leap year, or consists of S66 days. 

Centennial years which are divisible by 400 are regarded 
as Leap years ; all others are considered as common years. 

1796, 1804, 1808, 1812, 1816, 1820, 1824, 1828, 1832, 
1836, 1 840, were all Leap years. 1 800, not being divisible 
by 400, was a common year of 365 days ; the same may 
be said of 1900 ; but the year 2000, being divisible by 400, 
will be a Leap yeox. 

The number of days in the respective months mjay be 
recalled by recollecting the following versification: 

Thirty days hath Septemfber, , 
April, Jane, and November — 
All the rest have thirty-one; 
Excepting February alone, 
Which has bat twenty-feigfat in fine, 
Till I^ap Year gives it twenty-nine. 

ItpMt the Tkble for Tim*. What is th« Itfngth of tb« lolar year to the neaiwt 
neond 1 What it the nutfe aoeuiate valae in decimali t Into how many calendar 
montht ii the cWil year divided 1 Repeat their namei and the number of days be- 
loBfing to each. Bow often ia fBDeial ii an additional day added to February ? 
What are fueh year* styled? Xi the rule of eounting every fourth^ear Leap year 
eoireet? Are centennial yeart, which are not divisible by 400, Leap years 1 Wat 
IMO a Leap year 1 Meirtioa the next pteoeding and next following Leap year to ISOOi 

It is very desirable to be able readily to determine the 
number of days from any particular date to any other date. 
Tor this purpose, we will give Ihe following 



•T^fM still a Authti nodifioatioB whidr taket place at the end of evety IMO 
which it a afu^emtuy k» explain in this place. 

12*' 
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TA3LB, 

■HOWWa IVB NVMBBR OP DAYS FROM AM7 DAT OB ONB MONTH TO THB 8. 
DAT OP ANT OTHER MONTH Hi THB SAMB TBAR. 



PROM ANT 
DAT OP 



January, 

February, 

March, 

April, 

May, 

June, 

July, 

August, 

September, 

OCTOBfiR, 

November, 
December, 



TO THI 8AMB DAT OP 



Jan. Feb. Ma.n ApM May June July jAug.'Bept. Oct. Not. Dtc. 



365 

334 

306 

275 

245 

214 

184 

153 

122 

92 

61 

31 



31 
365 
337 



59 

28 

365 



3(M>i334 
276r304 
245J273 
215 243 
184 212 
153 181 
123 151 
92 120 



62 



90 



90 
59 
31 
365 
335 
304 
274 
243 
212 
182 
151 
121 



120 

89 

61 

30 

365 

334 

304 

273 

242 

212 

181 

151 



151 1811212 
120 150181 

92 122153 

61 91 

31 61 
365 30 
335^365 
304 334 
273|303 334 
243 273 304 
2l2242i273 
1822121243 



122 
92 

61 

31 

365 



243 273 
212 242 
184 214 
153183 
1231153 
92 122 



62 

31 

365 

335 



92 

61 

30 

3(55 



f304!334 
j274j304 



:ma34 



273 

245 

214 

184 

153 

123 

92 

61 

31 

365 

335 



303 

275 

244 

214 

183 

153 

122 

91 

61 

30 

3691 



As an ex:ample, suppose we wish, the number of days from 
November 6th to the i5lh of next April. We find No- 
vember in the left-hand viertipal column^ and April at the 
top line of the table, aiid at the intersection we find 151 
days. So that from November 6th to April 6th is 151 
days; consequently, adding 9, we fiijd 160 for the number 
of da3's betvi?:een November 6th and April 15th. 

This table is conslfticted on the supposition of 28 days 
to February. When there are 29 days in February the 
proper allowance must be made. 



EXAKFLES. 



1. How many days from May 3d to the 4th of the next 
Juljf Aiis.^^^^^v 
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2. How many days from July 4th fo the 25th of the 
jxt December ? Ans. 174 dcLjs. 

3. How many days from March 2lBt to the 23d of the 
ixl September? Ans, 186 days. 

4. How many days from September 23d to the 2l8t of 
le next March ? Ans. 179 days. 

5. How many days from June 21st to the 22d of the 
3X1 December? Ans, 184 days. 

6. How many days from DeceDjber 22d to the 2lBt of 
lenext June? Ans. 181 days. 

7. How many days from March 21st to the 2l8t of the 
5xt June? Ans. 92 days. 

8. How many days from Jan. 13th, 1848, to September 

rth of the same year ? Ans. 248day8. 

-I 

CIRCULAR MEASURE, OR MOTION. 

77. By this is estimated Latitude and Longitude, and 
e motion of the heavenly bodies which appear to move 
circles. Every circle, whether great or small, is divided 
to 360 degrees. 

TABLE. 

60 seconds " . . ... make 1 minute, ' 

60 minutes . . . . » " 1 degree, ° ^ 

80 degrees . . . . . . " 1 sign, s, 

12 signs or 360^ ...,*' 1 circle, or. 



n 



60= 1 o 
^600= 6d= 1 8. 
108000=: 1800= 30= 1 cr. 
1296000=21600=360 z= 12=1 
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The sun appear^ to pass completely around the eajrth 
in 24 hours, that is, it appears to move westward over 
360° of longitude in 24 hours. Consequently, in one hour 
it will move over ^ of 360°= 15° of longitude. Hence, if 
the difference in the longitudes of two places is 15°, it 
will be noon at the more easterly' place/ just one hour 
before it is noon at the other place. And in all cases, the 
difference in time of any two places will be at the rate of 
one hour for every 169 of longitude between the two 
places. As an example, suppose the city of Washington 
to be 77° west of Greenwich : it is required to find what 
time it is at Washington, when it ia noon at Green- 
wich. 

Dividiilg 77° by 15° we have 5 i^ for the number of 
hours difference in time, that is, 5h. 8m. And as the ap- 
parent motion of the sun is westward, it must be earlier at 
Washington than at Greenwich. Therefore, when it is 
noon at Greenwich, it is 5h. 8m. before nopn at Wash- 
ington; that is, it is at Washington 6h. 52m. A. M. 

What use is xnide of Circular Motion 1 Into how many degrees are all eirelea 
■apposed to be divided 1 Repeat the Table. Oyer how many degrees of longitade 
does the sun appear to move in 24 houril Over how many degrees in 1 hourl 
What is the difibrence of time corresponding to 77° 1 When it is noon at Greenwich, 
what tini« is it at Walhiagton, TV w«st of Greenwich 1 

78. Measures, &c., not included in the foregoing 
tables. 

6 points make 1 line ( used in measuring length of 
12 lines ^ 1 inch f clock pendulum rods. 

4 inches « 1 hand i ^sed in measuring the height 

C of horses. ^ 

6 feet « 1 fathom \ ""^ "^ measuring depths at 
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12 individual things make 1 dozen. 

12 dozen , . . . " 1 gross. 

12 gross " 1 great gross. 

20 individual things " 1 score. • 

24 sheets of paper . " 1 quire. 

20 quires . . ^ . . " 1 ream. 

112 pbiuids . ..." 1 quintal of fish. 

200 " . . . . •" 1 balrrelof porkorbeef. 

196 « ....<* 1 barrel of flour. 

Sepeat the above tabka. 

BOOKS. 

V9» A sheet folded into two leaves is called a folio. 

" , folded into four leaves is called a quarto, 
or 4to. 

" folded into eight leaves is called an oc- 
tavo, or 8vo. 

" folded into twelve leaves is called a duo- 
decimo, or 12mo. 

" folded into eighteen leaves is called an 
18mo. 

When a sheet ia folded into two leaves what it it called ? How called when folded 
into fbor- leaves 1 How, when folded into eight leaves 1 How, when folded into 
tvpahre leaves 1 How, when folded into eiffateen leaves! 



REDUCTION. 



80 • Reduction is the changing of numbers from one 
name or denommation to another, without altering their 
value. 
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When the denominations are to be reduced from a 
higher denomination to a lower, it is called Reduction 
Descending ; but when they are to be reduced from a lower 
ta a higher denomination, it is called Reduction Ascending. 

REDUCTION DESCENDING. ' 

Let it be required to reduce £7 5s. 10 J. ^far, to farthings. 

OPERATION. 

7 the number of pounds. 
Multiply by 20, the number of shillings in one pound. 

140 product in shillings. 
Add 5 shillings. 

145 the number of shillings. 
Multiply by 12, the number of pence in one shilling. 

290 
145 



^ 1740 product in pence. 
Add 10 pence; 

1750 the number of pence. 
Multiply by 4, the number of farthings in one penny. 

7000 product in farthings. 
Add 3 farthings. 

7003 the nuiziber of farthings sought 
FrotQ the above operation, we readily deduce this general 



RULE. 

Multiply the number in the highest denomination hy the 
lumber indicating hovi man^/ of tKe next Vncer mokA oiw^ \ik 
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that higher; to this product add the number, iftny, belonging 
to this lower denomtnation ; we shall thus obtain an e^ivch 
lent value in the next lower denomination, 

II, Proceed in a similar way for all the successive de- 
nominations ; the last result will be the number sought. 

What is Reduction 1 When is it called Descending 1 And- when Aseendiiif 1 
Repeat the role for Redaction Descrading. 

REDUCTION ASCENDING. 

81. Let it be required to reverse the last example, that 
is, to find the number of pounds, flhiliings, pence, and 
farthings, in 7003 farthings. 

We must obviously perform a reverse operation to that 
performed ttnder Reduction Descending. 

> 

/ • 

OPERATtON. 

far. 
4 )7003 

I750d. ^far, remainder. 

d, s. 
12)1750(145 
12> 

65 

'49_ 

70 
60 

lOd. remainder. 

s, 
2|0)14|5 

£7 6$. Temam^Qt. 
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CoUectui^ results^ we have 7003 farthings, equivalent 
to £7 5^. lOd 3 far, ■ • . 

EXPLANATION. 

First, we divide the number of farthings, 7003, by 4, 
because 4 farthings tnake one penny ^ the quotient is 1750 
pence, and 3 farthings remaining. 

Secondly, we divide the number of pence, 1750, by 12, 
because 12 pence make one shilling ; the work being per* 
formed by Lonf Division, we get for the quotient 145 shil- 
lingSj and 10 pence remaining. 

Thirdly, we divide the number of shillings, 145, by 20, 
because 20 shillings make one pound ; cutting off the ci- 
pher from the right of 20, and the right*hand figure from 
the dividend, (Art. SO,) we perform the work by Short 
Division, anH obtain the quotient, 7 pounds, and 5 shillings 
remaining. 

We may,, therefore, deduce this general 

RULE. 

/. Diviie the given )n.umber hy as many of its denomtfuh 
Hon as make one of the next higher ; write down the quotient 
and remainder^ if a^f^y- 

II. Divide the quotient hy as many of its denomination 
as make one of the next higher ; write this new qtwtient and 
the remainder as before. 

Ill Proceed in this way through all the denominations to 
the highest^ and the quotient last foundj together with the 
several remainders, ifany^ will give the value sought, 

Btpeat am Rote 4br IMue^on Aacendhig. 
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# EXAMPLES. 

1. In £47 5s. 2d. I far., how many fftrthifigs) 

OPERATION. 

£47 5s. 2d. I far. 
4 20 

945 shillings. 
12 



1892 
945 



11842 pence. 

4 « 

45369 farthings. 

2. In 118567 ferthings^ how many pour^ds, shiUings 
and farthings ? - 

OPERATION. 

1 ■ 

far. ' 

4)118567, N 

. ■ .. »■ . , • ■- 

29641 3 farthings. ; 

d. s. 

12)29641(2470 ' 
24^ 

• 56 ■'''■■■ ^ ' . . i 

■ '84 ■' 

1 penny. 
2|0)2471p 

i:i23 IQehillixvgu 
13 
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Hence, 118567 farthings are equal to £123 10«. Id Zfar, 

3. Reduce i;75 to Bhillings. * Ans. 1500«. 

4. Reduce 19#. 6dL to pence. Ans, 234^ 

5. Reduce 15a 3d ^far, to farthings, ^n^ 1^4, far, 
S. In 48926 grains, Troy Weight, how many pounds, 

ouoMses, pennyweights, and grains? 

Ans. 8/^ Soz, 18ptr^. 14^. 

7. Ill 3605 pennyweights, how many pounds, ounces, 
and pennyweights ? Ans, \^lb. {^oz. 5ptBt, 

8. la iOOO ounces, Troy Weight, how many pounds and 
ounces f Ans. 83/&. ioz, 

9. In 42&. 6oj8r. \Zpwt. ^gr, how many gi;ains ? 

• ' Ans. 26237^ 

10. In iOOHft. 1^. bow many grains ? 

-4«j. 67600 l^T. 
11 In Afl^i tSr\ 1 3 how many drams ? Ans, 4253. 

12. In 1000 grains. Apothecaries' Weight, how many 
ounces, drams, semples, and grains % Ans. 2 f 3 2 9. 

13. In 11521 grains, Apothecaries' Weight, how many 
pounds? Ans, 21b Of O3 03 1^. 

14. In 873450 drams. Avoirdupois Weight, how many 
tons? Ans, IT. lOcwt. Iqr. 23/^. 14o^. 10 Jr. 

15. '- Reduce 5et{7e. 24^. ioz, to ounces. 

Ans. 9300 ounces. 

16. Reduce IT. Iciot. l<2r. .to drams. 

^nj. 602113 drams. 

17. Reduce 856702 drams to tons. 

Ans, IT.-^ewt. ^qr, 14/6. 7oz. Udr. 

18. In 4355 inches, how mimy yards ? 

Ans. \20yds. 2/^ 11m. 

19. In 248 miles, how many inches? 

, Afk8.\Vl\'i^^Qm<ih«8, 
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20. How many inches in 360 degrees of 69^ miles to 
each degree, which is the circumference of the earth, 
nearly. Ans, 1577664000 inches. 

21. In 12121212 barleycorns, how many miles ? 

^ftf. 63mt. 6/ttr. 6rdl (^yd. \ft. 4tn. 

22. Reduce 12 Ells French to nails. Am. 288 nails. 

23. Reduce 1 1 Ells English, 3 quarters, to quarters. 

Ans. 58 quarters. 

24. Reduce 10 EUs Flemish, 3 quartezs, 1 nail, to nails. 

Ata. 133 nails. 

25. Reduce 4 yards to quarters. Ans. 16 quarters. 

26. In 1000 nails, how many yards ? Ans. 62yds. 2qr. 

27. How many inches in 6 yards, 3 quarters ? 

Ans. 243 inches. 

28. How many square inches in 10 square feet ? 

Ans. 1440 square inches. 

29. In 3 square miles, how many square rods or poles ? 

Ans. 307200P. 

30. In 3 acres, 27 rods, how many square feet ? 

Ans. 138030} square feet. 

31. In 26025 square feet, how many «quaire roods? 

Ans. 2R. \5P. \6\i sq.fi. 

32. In 70000 square links, how many square chains ? 

Ans. 7 square chains. 
89. How many square links in 5 acres ? 

Ans. 500000 square links. 
34. In 17 cords of wood, how many cubic feet ? 

iliw. 2176 cubic ieet. 
85. In 17 tons of round timber, how tnany cubic inches t 

Ans. 1175040 cubic inches. 
36. Re^luce 17900345 cubic inches to tons of hewn tiip- 
ben Ans. 20T Tons, 8 cubic feet, Vl^V <cvi^\<i, 'mOiv^. 
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37. In 1000 cord feet of wood, how many cords? 

Anfi, 125 coidfl 

38. In 19 cubic feet, how many cubic inches ? 

Ans, 32832 cubic inchea 

39. In 16 hogsheads of wine, how many gilk ? 

Ans. 82256 gills. 
4p. In 10000 gills of winey how tnany barrels % 

Ans. 9 barrels 29 gallons. 

41. Reduce 2 pipes^ 7 barrels, 3 quarts of wine, to pints. 

Ans. 3786 pints. 

42. Reduce 31 752 gills of wine to barrels. 

Ans, 31 banrels, 15 gallons, 3 quarts 

43. Reduce 201600 giUs to tuns of wine. 

Ans. 25 tuns. 

44. Reduce 11 hogsheads of beer to pints. 

Ans. 4752 pints. 

45. In 100000 pints of beer, how many hogsheads ? 

Ans. 231 hogsheads, 26 gallons. 
46« In 10 hogsheads, 1 quart, 1 pint of beer, how many 
pints ? Atis. 4323 pints. 

47. In 36 bushels how many pints? 4 a& 2304 pints. 

48. In 25 chaldrons 29 bushels, how many quarts ? 

Ans. 29728 quarts. 

49. In 10000 pints, how many chaldrons ? 

Ans, Aeh. I2bu. Ipk. 

50. In 1597 quarts, how many bushels ? 

Ans. 495tf. dpk. 5qt 

51. In 30 dftys, how many seconds? Ans.2592(^0sec 
6^ In 19 yearn of 365^ days each, how many hours T 

v^ Ans, 166554 hours. 

53. Id 25 years 6 days, how many seconds J^ 
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54 How many days from the birth of Christ to Christ- 
mas, 1843, allowing the years to consist of 365 days 6 
hours? Ans. 673155 days 18 hoiirs. 

55. A person was bom May 3, 1795. How many days 
old was he May 3, 1821, pa3dng particular attention to 
the order of leap year ? Ans. 9496 days. 

56. Suppose a person was bom Febmary 29, 1796; 
how many birthdays will he have seen on February 29, 
1844, not counting the day on which he was born ?* 

Ans. 1 i birth-days. 

57. In 3 signs 18 degrees, how many seconds ? 

Ans. 388800". 

58. In 6 signs 9 degrees, how many degrees ? 

^ Ans. 189° 

59. In 1000' how many degrees ? Ans. 16o 40'. 

60. In 1 0000" how many degrees ? Ans. 2P 46' 40''. 

61. Reduce 45° 45' 35" to seconds. Ans. 164735". 

62. In 1000 things, how many dozen? 

Ans. 83 dozen and 4 over. 

63. How many buttons in 6^ dozen ? 

Ans. 76 buttons. » 
64 In 80000 tacks, how many gross ? 

Ans. 555 gross, 6 dozen and 8. 

65. In three score and ten years, how many years ?. 

Ans. 70 years. 

66. In 15 quires of paper, how m6*ny sheets? 

Ans. 360 sheets. 

67. In a ream of paper, how mmy sheets ? 

Ans. 480 sheets. 



* It iBUit be re(»Uocted that tiie year 1800 wae a. common year, baying^ no SHKb of 
^^ 13* 
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ADDITION OF DENOMINATE NUMBERS. 

89* If we wish to find the sum of £6 5^. Sd. Ifar^ 
£7 U. lOd. 2/or., £1 13*. 5i., £4 18j. Qd. "Ifar.^ we pro- 
ceed as follows : 

OPERATION. 



J£ ;*. d. far. 

6 5 3 1 

7 1 10 2 
1 13 5 
4 18 2 

£19 18*. 7d. {far. 



Placing the numbers of the same 
denomination directly under each 
other, we add up the column of far- 
things, which we find to be 5. But 
we know that 5 farthings are equiv- 
alent to 1 penny and 1 farthing; 
we therefore write down the 1 far- 
thing under the column of farthings, 
and carry the penny into the next column, whose siun 
thus becomes 19 pence, which is the same as 1 shilling 
and 7 pence ; we write down the 7 pence under the col- 
umn of pence, and carry the shilling to the column of 
shillings ; whose sum then becomes 38 shillings, which 
is the same as t pound and 18 shillings ; we write down 
the 18 shillings under the column of shillings, and cany 
the pound into the column of pounds, whose sum then 
becomes 19 pounds'; and since pounds is the highest de- 
nomination, we write down the whole. 

From this example we may deduce this general 

, ^ RULE. 

i. Plaee the numbers so that those of the same donomina* 
turn may stand directly under each other, and draw a line 
beneath them* 

11. Add the numbers in the lowest denomination ; divide 
^asir sum by the number expressing how many it takes of 
sacA denomination to make one of the next liigKer WtVct 
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the remainder under the eobtmn addedy and carry the qtuh 
dent to the next column ; which add as before. 

III. Proceed thus through aU the denominations to the 
highest, whose sum must he set down entire. 

How do 70a pl«eo denomiaat^ nondieti which ara to be added 1 Which -Jo jw 
fiat add 1 Having added the colomii of lowest deDominatiom, exphiia the • o bteqaeal 
woik. . , 



£ s. d. 






7 13 3 


£ s. d. 


£ s. d. 


3 5 lOi 


11 5^ 


5 5 5 


6 18 7 


2 4 4 


8 1 7f 


2 6A 


5 6i 


2 li 


4 3 


13 4 


13 Hi 


17 15 4 


10 10 10 


6 6 6 


39 15 9f 


25 4 6f 


34 14 8 




TKOY WEIGHT. 


^ 


lb, oz. pivt. gr. 


lb. oz. pwt. gr. 


Ih. oz. pwU gr. 


10 10 10 10 


6 5 4 1 


7 3 5 


2 23 


1 11 19 13 


11 2 17 22 


3 17 


3 4 


40 20 


2 2 1 


8 9 12 


2 10 15 17 


1 2 20 


,4 4 19 


6 18 16 


17 3 12 5 


21 10 3 20 


61 11 13 8 



APOTHEOARUES* WEIGHT. 

ft f J 3 ^. ft ? 3 3 3 3 «T. 



8 


10 


7 


2 


19 


% 


11 


6 





1 





18 


10 





6 





10 


10 


8 


3 


1 


2 


1 


15 





1 


2 


1 


15 


14 


10 


2 


2 


3 


2 


13 


5 


1 


2 


1 


15 





6 


5 





4 








8 





5 


1 


13 


7 


5 


4 


1 


6 


1 


7 


92 


3 





2 


12 


36 


6 


6 


V 


\^ 


^ 


V^ 



152 
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AVOIRDUPOIS WEIGHT. 



tan. ewt. qr. lb. bz. ,dr. 
10 18 2 25 15 1 

1 15 14 15 
12 1 3 10 

13 27 I 11 

2 2 2 7 8 


cwt. qr, lb. 

4 3 20 

5 12 
1 2 

. 3 25 
1 2 20 


0M(, 

5 
3 

8 
13 
10 


27 9 3 1 7 13 


14 23 
URE. 


7 


LONG MEAS 




L, mi, fur. Yd. yd, 

1 2 6 37 4 
6 30 5 
14 3 

2 1 10 

3 2 25 1 


rd. yd. ft. in, 
10 4 2 8 
13 5 
8 2 16 
110 4 
2 19 


•. 



14 5 15 2 



22 3 8 



CLOTH MEASURE. 



yd. qr. na. 


E. Fl qr. 


na. 


E,B. 


qr. 


no. 


15 1 2 


3 2 


3 


4 


2 


2 


13 3 


15 1 


2 


10 


1 


1 


20 2 2 


9 2 





9 


2 





3 


8 


1 


13 





2 


8 1 1 


10 





15 


1 


1 



58 1 



47 2 



52 2 2 



SQUARE KEASURE. 



Sq.yd, 


S,f 


Sq. in. 


M. A, 


R, 


P. 


100 


130 


100 


1 


3D 


50 





100 


10 600 


2 


10 


10 


5 





8 40 


1 


12 


Q 


8 


143 





3 


2 


13 


2 


S 


4 4 





20 



175 



9^ 



^% \^^ ^ %K 
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SOLID, OR CUBIC MEASURE. 



S. yd, S. ft. S. in. 
4 26 1000 


C. S. ft. 
10 120 


3 


Cardft 

7 


1 10 1541 


8 100 


10 


4 


20 80 


2 80 


12 


1 


10 17 11 


119 


8 


6 


8 25 .59 


12 6 


15 


3 


26 18 963 


35 41 
S MEASURE. 


50 


5 


WlNl 




hkd. gal. qt. pt. 
4 30 B 1 


tun. pi. hhd. 
1 1 1 


gal. qt.pt. gi. 
37 3 1 3 


10 25 1 


10 


50 


1 2 


25 2 


11 1 


13 1 


1 


60 1 


4 1 


25 2 





13 45 3 


8 1 


18 


1 3 



54 36 1 1 36 1 19 1 1 



ALE, OR BEER MEASURE. 



hkd. gal. qt.pt. 
% 50 3 I 


bar. gal. qt. 
10 30 1 


10 30 1 


6 20 


11 25 1 


15 2 


25 1 1 


10 3 


6 52 3 1 


4 35 1 


56 52 1 1 


33 19 3 


DRY MEASURE. 


ch, hu. pk. qt. pt. 
1 30 3 7 1 


bu. pk. qt. pt 
10 1 1 1 


35 2 3 


2 3 6 


10 19 10 1 


5 2 3 


5 10 2 4 € 


8 1 


4 4 5 1 


15 2 4 


22 28 2 4 \ 


(L% \ ^ ^ 
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TIME. 



da. 


kt. 


m. 


sec. 


wk. da. 


^r. m. MC. 


15 


18 


50 


49 


1 2 


13 40 30 


1 


13 


59 


59 


2 6. 


10 8 3 


4 


23 





2 


5 


22 55 45 


10 


11 


1 


4 


. 2 3 


4 1 15 





2 


10 


15 


1 2 


4 5 



32 21 2 9 



8 6 6 50 33 



cr. s 



CIRULAR MEASURE, OR MOTION. 
O 1 II a Q * O ' 



II 



\ 



1 





8 25 40 35 
11 1 2 43 

29 59 

1 10 13 5 

2 5 4 3 


1 

2 

4 

9 


25 2 

18 50 

5 39 

4 4 

15 10 

8 45 


13 10 19 

1 40 35 

2 48 39 
30 40 

10 45 45 


4 


1 1 59 26 


28 55 58 



SUBTRACTION OP DENOMINATE NUMBERS. 

83* If we wish to subtract £15 13^. IQJ. from jE:20 
5s. Sd.^ we proceed as follows : 

OPERATION. 



£ s. d. 

20 5 8 

15 13 10 

4 11 10 



We place the numbers of the subtrahend 

directly under the numbers of the same 

denomination, in the minuend, and draw a 

line underneath. Commencing with the 

pence, we see tliat we cannot subtract \0d. 

from Sd. ; we therefore increase the Sd. hy 

12(1. making; 20d ; then subtracting iOd. from the 20 J., 

we have the diflferetice \0d., which we write under the 

column of pence. Having added I2d. to the minuend, we 

amst equally increase the Bu\^ia\i^tidL^^\vvO(i^« ^^^ 
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adding* \s. (the same as the 12c^-,) to the l^s.j makiiig I As. 
This cannot be subtracted from 5s. ; we therefore increase 
tile 5s. hy 20s., making 25s. Now, subtracting 14^. from 
25<f. we have 11^., which we write under the column of 
shillings. Before subtracting the pounds, we add jETI to 
;^15 to compensate for the 20s. added to the 5^., and then 
say £16 from jE:2P leaves £L 

Note. — ^It will be seen that this process is similar to that in 
the " shorter and more practical" example of simple subtraction, 
(Art. 19.) But the preceding subtraction might be also per- 
formed as in the second example of simple subtraction. 

Hence, we have this general 

RULE. 

/. Plade the less number under the greater, so that the 
same detiominatians may stand under each other ; draw a 
Une below thenk. 

II. Begin at the right, and subtract each number in the 
lower line from the one directly above it, and set the re- 
maifider below, 

III. If any number in the lower line is greater thm the 
one above it, add so many /4 the upper number as make one 
of the next higher denomination ; then subtract the lower 
number from the upper one thus increased^ and set down the 
remainder. Carry \, expressing the increase of the upper 
line, to the next number in the lower line ; after which sulh 
tract this^ number from the one above it, as before; and thus 
proceed tiU all the numbers are subtracted. 

PROOF. 

If the work be right, the difference added t,o the sub- 
tmbeodwUl equal the s^inuend *, aa iti %\xa^i^ «KicX\^\ssfiw. 
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T. etot, qr, lb, oz, dr. A. R. P. 

13 18 1 20 13 69 3 2$ 

10 3 21 12 10 38 



3 


17 


1 


2e 


\ 4 


13 


ib 


? 


3 


a 


^• 




24 


7 


2 


1 


16 




16 


10 


3 


2 


17 




7 


8 


6 


1 


19 




E. Fr. gr, na. 






10 




5 









5 




1 


S 






5 




3 


1 







59 2 


i 27 


Z». m.Jur,. 

16 2 7 

5 7 


rd. 

39 

8 


11 


2 


31 


30 10 
10 8 


pk, qt. pU 
1 1 
8 6 1 


20 1 


1 2 


I 



tun, pi. hhd. gal. qt. da. hr, m. sw. 

10 1 1 50 I 100 10 1 
1 60 3 60 40 45 



9 1 52 2 

yr. rrio. wk. da. 
17 8 3 1 
. 41 2 6 

13 7 2 



C. 8. ft. C* Cerdft. 

45 126 100 6 

IQ 127 80 7 

34 127 19 7 



40 9 


19 16 


mi. fur, 
60 
.40 7 


rd. 
. 
39 


19 


1 


£ 

50 
30 


». d 

I 

10 10 


19 


9 3 



84l« E3QBS.CI8ES IN ADDITION AND SUBTRACnON. 

1. Bought 20 yards of broadcloth for jCIS 5j. 3i., 30 
pounds of feathers for £8^s. 4d., V(iQ y^iTda carpeting for 
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£45 I7s. Sd.j 10 pieces of cotton cloth for £8 I8s. Id.^ 
50 jaids of calico for £2 Os, lOi. What was the cost of 
the whdle ? Ans. £83 is. 2d. 

2. Bought four hogsheads of sugar, weighing as fol- 
lows : 1st weighed 8€wt, Iqr. 23/6. lOa^. ; 2d weighed 
9eiDC. 2qr. Olh. 3iwr. ; 3d wf^ighed lOcto^. 0^. Olb. 8oz, ; 4th 
weighed Bewt, 3qr. 27lb. How much did the four weigh ? 

Ans. 36cwt. dqr. 23i&. 6qz, 

3. A man owns three farms ; the first contains $9 acres, 
3 roods, 10 rods ; the second contains 100 acres, 5 rods; 
the third contains 150 acres, 2 roods. How many acres 
are there in.all? Ans. 320^. \R. 15P. 

4. Suppose a note given August 3d, 1838, to be paid 
November 10th, 1 843. How long was the note on interest^ 
if we count 30 days to the month H and how long if the 
time is accurately computed ? 1st Ans. Byr. 3mo. 7da, 

2d Ans. 1925 days. 

5. A person buys \5cwt. Zqr. 2(llb. of sugar, and sells 
\Ocwt. Qqr. 11/6. How much remains unsold? 

Ans. 5ewt. 3qr. 9/6. 

6. From a piece of cloth containing 37 yd. 3gr. 2n., there has 
been taken at one time,6yJ. \qr.y at another time lOyd. 3qr. 
3na, How much then remains ? Ans. 20y</. 2qr. 3na. 

7. From a pile of wood containing 1 00 cords, I sold at one 
time IOC. 100 S. ft., at another time I sold 18C. 59S.ft. 
How many cords remain unsold ? Ans. 70Cr 97S,ft. 

8. A farmer raised 1006«. 3pk. 2qt. of wheat from one 
field, 87 hu,lpk. Iqt Ipt from another field ; he sells 536u. 
to one person, and 37bu. 2pk. Iqt, to another person. How 
many bushels has he remaining? Ans. 976u. 2pk. 2qt. Ipt. 

9. Bpught 5 loads of coal. The first weighed 2056 
pounds^ the second weighed 2250, the third weighed 2240^ 

14 
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the fourth weighed 2310, the fifth weighed 2330. Whii 
was the entire weight ? And how many tons of SOOO 
pounds each? . < 11186 pounds. 

' ( 5-593 tons. 

10. A person engages to build 100 rods, a.nd 10 feet of 
stone fence. At onetime he builds 17 rods, 5 feet; at an* 
other time he builds 37 rods, 15 feet. How much still re- 
mains to be built ? Ans. i5 rods, 6^ feet. 

11. How much cloth in three pieces^ m^suring as fol- 
lows: first piece 37 yards, 3 quarters, 1 nail; second piece' 
41 yards, 1| Fremish Ells ; third piece 43 yards, Ij^ English 
Ells? Ans. \2iyds. 3qr. Ina. 

12. Bought 3 loads of wood ; the first was 8 feet long, 
4 feet wide, and 3 feet high ; the second was 7 feet long, 
4 feet wide, and 2 feet high ; the third was 9 feet longy.3 
feet wide, and 3 feet high. Mow many solid feet in tbe 
whole ? How many cord feet, and how many cords ? 

233 cubic feet, 
Ans.'i 14 cord feet, 9 cubic feet. 

1 cord, 6 cord feet, 9 cubic feel. . 



MULTIPLICATION OF DENOMINATE NUMBERS. 

8ti* If we wish to multiply £13 5«. lOdL by 5, we pto- 
oeed as follows : 

First, we say 5 times 10 J. is 50d., which 
equals 4^. and 2d ; we set down the 2d. and 
reserve the 4*. to carry into the next columa 
We then say 6 times 5*. equals 25*., to 
which adding ihfe Xs. 'v?! WN^^%s.^Hihi<ih 



OPERATION. 


£ 


s. 


J. 


13 


5 


10 
6 


66 


9 


2 
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equals £1 9^. ; we set down the 9^. and reaerve the £l 
(o carry to the next denomination. Finally, we say 5 times 
£13 is jC65, to which adding the £l, we have £66 ; this 
being the highest denomination, we set it down entir& 
V Hence this general 



RULE. 

/. Set the multiplier under ike hnbest denemination of the 
nmhipticand, and draw a line below it. 

II. Multiply the number in the lowest denomination Ay 
the multiplier ; divide the product by the number eiqtressiftg 
how many it takes of such denomination to make one of the 
next higher. Write the remainder under the number muUi- 
piiedj and reserve the quotient: Then multiply the number 
in the next higher denomination by the multiplier^ and to the 
product add the reserved quotietU. Divide as before^ writing 
down the remainder:^ and carryifig the quotient. 

III. Proceed in like manner to the highest denommationy 
ef which the entire product must be set down. ^ 

in Moltiplieatioii of DenoiniiMto Nomben, when do yon let tiie ifltiltipliort 
Which denominata Tdoe do yoa fint aiialtiply t Aftw ftidiaf io the prodiiet^4kt 
■nnibw of nnili of ooxt higher order and abo what remaint, whero do yw plaeo fhe 
maainder 1 an4 what do 70a do with tfio onito of muA wpmat oiderl Bepfai,dw 
mftofttoRika. 



(1) 


(2.) 
cwt. qr, lb, OM. dr. 


10 10 10 


8 2 4 5 

r. 6 



3t 12 6 2 8 V% % \<l 



£ s. d, 

15 6 cost of letol. 

6 

f 

8 17 6 cost of &ewt. 
7 x7 



27 2 6 coat of 36««(. 



^J/ 






I 

5 
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3. In 3 hogsheads of sugar, each containing \%ewt, ^ 
r. 526., how many hundred weight ? -. 

An$. S2ewt, Iqr, I5lh, 

4. How much clpth will it take for 7 suits of clothes, ^ f 
each suit require 7yi. 3 j^r. Ina. ? r 

Ans. 5iyd, 2qr, 3na. 

5. How much wood can a horse draw ic 13 loads, if he 
LW IC. 195./^ at each loadl Ans, 14C. 119^./^ f S. 1 
3. How long will it tak,e a man to saw 6 cod:ds of wood, j * 
tie employ 7hr. ^Om* 45^ec. to saw on^ cord, allowing [ ^ 
working hours fo^ each day? 

. ^ Ans.'Ada, 5hr. im. SOsefi* 
L The circumference of a wheel is .15 feet 2 inches, 
hat distance will this wheel nieasure.on the ground^ if 
s rolled ovct 365 times ? . ^ Ans, Imi 255ft. lOin. "^ 

3. Allowing the year to consist accurately of 365 days, | 
iiours, 48 minuter, 49-|- second?, what will be the true ^^ 

gth of 1843 years? ^tw. 673141Ja. lOAr. 44»i. 28i*cc. 

Whsn the multiplier is ^a o<Mnposite number, i^e may, 
in simple numbers, multiply fluooessirely by thie oom- 
lent parts. 

). What will 35cwt of cheese cost, at 15^. 6d pel 
ndred weight! 

OPERATION. 



f 



\ 



\ 



DIVISION OF DENOMINATE MDMBERB. * IQ\ 

10. How muoh brandy in 84pt., each containing^ 128^ 
^. \pt. 3gi.l Ans. 10812^a2. Iqt Ipt, 

11. In 21 loads of wood, each IC. IC.j^.,, how many 
coids? Ahs. 23C. BCfi. 

12. Suppose the piston rod of a steam engine to move 
Zft. 4m. lb. c. at each stroke. Through what distance will 

it move in making 1000 strokes? Ans^ 336 1/^ It'n. 16. c. 

13. Bought as follows : , 

18 of green tea, at 

12 of raisins, , " 

27 of loaf sugar, ^ 

15 of English currants,^ 

14 of citron, ** 

What is the amoimt of the whole purchase ? 

Ans. i^l7 13jp. 3i. 

14. What is the amount of the following bill of goods ? 

£ s. d. 

15 yards of broadcloth, at 1 3 6 per yanl 
12 « "silk, . " 18 3 '^ « 
20 « '^ calico, « 1 9 « « 
24 » « sheeting, « 1 3 « « 
22 « « muslin, « 3 4 « « 

Ans, #29 9*. 10 J. 



s. 
12 

1 
1 


d. 

^ per pound. 

2 « a 

4 a tt 


2 
3 


3 a a 
6 « « 



DIVISION OP DENOMINATE NUMBERS. 

86* Let it be required to divide XlOO 10^. 3i{. equally 
among 17 men. I4« 
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EXPLANATION. 

First, we say 17 in dE^lOO, is 
contained 5 times and J^15 re- 
maining ; and since these £\5j 
as well as the 10^., are yet to be 
divided among the 17 men, we 
reduce the pounds to shilUngs, 
and add the 10^., making 31 0^. ; 
we find 17 to be contained 18 
times in 310^. with 4^. remain- 
der. We reduce the 4*. to 
pence, and add the 3d, making 
51(f., which divided among the 
17 men, gives 3d. each. 



OPE&ATIOK. 

17)i:i00 lOs. Sd.{M 
86 

• 16 
20 



17)310(18^. 

IL 
140 
136 

4 
12 



17)51(3rf. 
61 

Collecting, we have 
£6 \Ss. 2d. 



NoTE.-^We do xK>t divide 100 pounds by 17 men, which ^ iin- 
possible ; ^but vre separate jSIOO into 17 equal parts. Each part is 
expressed by the quotient, and contains je5, (Art. 64- Note.) 

Or, adhering to the general definition of Division, (Art. jt^ and 
Art. 64J we suppose a pound set apart for each man, and then 
find how many times £17, the number thus set apart, is contained 
in JSIOO; the quotient will be an abstract number. The answer 
will, of course, be as many pounds to each man as there are parcels 
of jC17 in jSIOO; that is, as there are units in the quotient. 

Had the divisor been one of the ninie digits, the work might have 
been performed by Short Division. 

We therefore have this general 



RULE. 



/. Place the divisor on the left of the dividend, as in Stm' 
pie Division. Begin at the left-hand and divide the number 
qfths highest denomination by the divisor . Reduce the r#- 
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indeTj if any ^ to the next lower denomination^ to which add 
' number of the dividend expressing that denomination^ 
i then divide the. sum by the divisor. 
II. Proceed in the same way for all the denominations. If 
re is a remainder after the last division, place it over the 
isofj and annex it in a fractional form to the quotient. Each 
Hient will be of the same denomination as its dividend. 

vt'mg placed the diTJaor w Ip Simple Dirision, how do you proceed 7 When, la 
liog any particular denomination, there it a remainder, how do you diipoee of it 1 
rhak dendminatlon will the reipectire quotients be ? 

EXAMPLES. 

(1.) (2.) 

yd. qr. na. cwt. qr. lb. oz. dr, 

7 )25 3 1 9 )27 3 26 13 9 

3 2 3 3 12 5~1 



(3> 
lb. oz. pwt. gr. 

13)10 8.16 S{0lb.9oz.\Spwt.3^gr. 
12 



l3)\2S{9oz. 
U7 

11 
20 



I3)236(18/n(tf. 
13 

106 
104 

"2 

24 

13)51(311^, 
39 

12 rem^LiiideT. 
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mi, far, rd. yd. fi, mi. far, rd. yd.fi in. 

28)100 4 30 U 2(4 2 39 8 7^ 
92 ^ 

1 . 
8 



23)68(2/tir. 
46 

22 

40 



23)910(39rd. 
69^ 

220 
207 

13 
*>5 



23)73 (3ydf. 
69 

4 
3 



23)14(0/^. 
12 

23)T68( 7/^m. 
._61 

7 remainder. 



6. Divide lO^un* %hhd, 11 gal. 2pt. by 67. 

. Ans. 39gal. 6pf. 

6. Divide 51A. IR. UP. by 51. Ans. lA. OR IP. 

7. Divide 4^a/. 2^^. by 144. Ans. IgL 

8. Divide i^l 13 13^. 4d. by 31. Ans. £3 13*. 4rf. 



DIVISION OF DENOMINATE NUMBERS. 165^ 

9. Divide 673141d«. 9hr. 5S7n,Jtisee. by 1843. 

Ans, SGi^da. 5A. 48in. 48^66. 
10. Divide imi. 255/^. lOin. by 365. Ans, isyi. 2m. 
When the divisfor is a composite number, we may divide 
by the factors of the number successively. 

U. Bought 15 sheep for J^5 12«. 6. How mucli did one 
sheep cost? 

FIRST OPERATION. SECOND OPERATION. 

£ s. d. ^ £ s. d. 

3)5 12 6 cost of 15 sheep. 5)5 12 6 cost of 15 sheep. 

5)lr 17 6 cost of 5 sheep. 3)1 2 6 cost of 3 sheep. 
7 6 cost of 1 sheep. 7 6 cost of 1 sheep. 

From this example, we see that it makes no difference 
which factor is fjrst used. 

12. If^iyds, of cloth cost £\S 6^., how much is that 
per yard ? Ansi. 15^. 3d 

13. From a piece of cloth containing \2%yds, l^r., a 
tailor m&de 16 coats, which took one third of the whole 
piece. How many yards did each coat contain ? 

Ans. 2yds. Iqr. 2iia. 

8T« QUESTIONS INVOLVING THE FOtJR FRSGEDINO RULES. 

1. Twenty- four mer agree to construct 7mt. I fur. 2ird. 
of road ; after completing ^ of it, they employ 8 more men. 
What distance does each man construct before and after. 
the 8 men were employed? . ( I6rd. before. 

( I fur. 20rd. after, 

2. A silversmith has seven tea-pots, each weighing li^. 
3air. IZpwt. llgr. What is th^ whole weight? 
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3. A farmer has lOftO bushels of apples, which he putt 
into 350 barrels. How many does each barrel hold ? 

Ans. 25ii. 3j9/f. 3-fyf. 

4. If it require 1 sheet of paper to print 124 pages of a 
book, how many reams, allowing 18 quires to the ream, 
will it take to print 3000 copies, of 250 pages each? 

Ans. 72 reams, 6 quires, 2 sheets. 

5. An estate worth ^^2570 is to be divided as follows: 
the widow has one third of the whole, the remainder is to 
be divided equally between seven children. How much 
does the widow receive, and how much does each child 
have ? ^ C The widow has £85^ 1 3*. id, 

^' ( Each child has i:244 15^. id. 3^ far. 

6. Divide 100 acres, 3 roods, 8 rods of land, between four 
persons. A, B, C, and D, so that A shall have one sixth 
of the whole, B one fourth of the remainder, O one third 
of what then remains, and D the rest. How much does 
each one have ? 

fAhad 16A 3R.SR 
B had 210 0. 
C had 21 0. 
D had 42 0. 

7. A, B, C, and D, having IBcwt. Iqr* 4lb. of sugar, 
they agree to divide it as follows : A is to have one half 
of the whole, B is to have one third of the remainder, C is 
to have one fourth of what th^n remains, and D is to take 
what is left. What were their respective portions 7 ' 



Ans. 



ATis.t 



A had 6cu)t 


. 2qr. 


ieib! 


B had 2 





24. ' 


Chad 1 





12. 


Dhad3 


1 ' 


8. 
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8. What is the weight of the following coins: 10 
gmneas, each weighing, 5 pwt. 9 j grains ; 7 sovereigns, 
each weighing 1 pwt. 8} grains ? 

Alts. 3oz: Spwt S*gr. of gold. 

9. What is the weight of 13 crowns, each weighing 
18 pwt. 4-^ grains ; 14 shilhngs, each weighing 3 pwt. 
15A gr. ; 9 sixpences, each weighing 1 pwt. 19-ft- gr. ? 

Ans, lib, d&z. 3pwt. l^-^rg^. of silver. 

10. In one eagle there is 232-ft grains of pure gold, 
12^ grains of silver, and 12iV grains of copper, and the 
same proportions of gold, silver and copper, from all other 
American gold coin. In 10 eagles, 7 half-eagles, 5 quartef- 
eagles, how many grains of gold, silver and copper? 

{3424^5 ^T. of gold. 
190-275 gr, of silver. 
190-275 gr. of copper. 

1 1. One pound of pure gold is sufficient for how many 
dollars of gold* coin, if it require '23*22 grains for one 
dollar? Ans. 248 062 dollars. 

12. One pound of pure silver is sufficient for how many 
dollars of silver coin, if it require 371-25 grains for one 
dollar? ^ Ans. 15*515 dollars. 



DENOMINATE FRACTIONS. 

88. Undek Art. 641, we define4 a denominate num- 
ber as one whose unit has reference to a particular thing. 
For a similar reason, a denominate fraction is a part, of a 
unit having reference to a particular thing. Thus, J of 
a yard is a denominate fraction, expressing a part of the 
ptuticiilar unit one yard ; •} of a t^mw^l *\% ^^ ^ ^<^\^^\s^ 
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nate fraction, expressing a part of thQ particular unit one 
pound. . , 

We know (by Art. 8©,) that denominate, pumbers 
may be changed or reduced from one denomination to 
another without altering their values. By. a similar 
method may denominate fractions be reduced from one 
denomination to another. 

What Kaire we already defined a denominate number to be 1 What is a denomi* 
nate fraction 1 Give some examplei. May denominate fractions be chan|Eed froa 
one name to anoth^ withotat altering their values 1 



REDUCTION OF DENOMINATE FRACTIONS. 

80« Suppose we wish to reduce j}jy of a pound ster- 
ling to an equivalent fraction of a farthing, we proceed as 
follows : since there are 20 shillings in a pound, ^kir ^^ ^ 
pound is the same as 20 times •^•g- of a shilling ; aa4 this 
is the same as 12 times 20 times -^^^ of a penigr; wjbikh, 
in turn, is 4 times .12 times 20 times ^^ of a farthing. 
That is, ^-o- of a pound sterling =:^|-b- of ^ of ^ of f of 
a farthing =, by calculation, to f of a farthing. 

Again, let us reduce f of a farthing to a fraction ota. 
pound sterling. In this case, we reverse the preceding 
process, and instead of multiplying, divide by the same 
fractions ^ or what is the same thing, take the reciprocals 
of the fractions, ( Aet. 4T,) and multiply. 

Thus f of a farthing =z:f of J of ^^ of ^ of a pound 
sterling = yyW ^^ *•• po^^^ sterling. 

1. Reduce f of an inch to the fraction of a mile. ] 

The increase of denominate value between the inch 
and the mile, is for the foot 12 times the inch, for the rod 
16j or A^ times the foot, for the fvitlow^ 40 times the rod, 
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tiid iot the mile 8 times the furlong. Therefore a. com- 
pouad fraction representing what part of a mile an inch is, 
vould be xV of (1 -r-V=hV of -h of f So that the frac- 
tion -f of an inch, which is to be changed to the fraction 
of a mile, must, be multiphed by the compound fraction 
just obtained. Consequently we have 

3..,>i;»ll 1 ... 

- of an mch=-X3iX~X-rrX7:= of a mile. 

8 8 >r;S 33 40 8 168960 

2 ; 

If the question had been the reduction of f of a mile to 
the fraction of an inch, the fraction would have been 

3 . ' ., 3 n /16i \33 40 8 ^^^^^ . 

- of a mile=-x — x I — ^ = I— X — X -±=23760 m. 
8 8 1 V 1 '2 .1 1 

From what has been done we may deduce this 

RULE. 

/. When the given fraction is to he reduced to a higher 
ienondnationy multiply it by a compound fraction^ whose terms 
fttt the reciprocals of the numhers that indicate the increase 
m value of a unit of the successive denominations included 
hetween the denomination cf the given fraction and the one 
to which it is to be reduced, 

11. When the given fraction is to be reduced to a lower 
ienomination, multiply it by a compound fraction, whose 
terms have units for their denominators, and for numerators 
the numbers that indicate the decrease in value of a unit of 
the successive denominations included between the denomina- 
tion of the given fraction and the one to iohich it is to be 
reduced. 



2. Reduce rrfrr of a day to the fiactioii ol ^ «ft^QRij^. 

15 
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In this example, the decrease in value of a unit of tlu 
successive denominations between a solar day and a 
secojid, are 24 (hours,) 60 (minutes,) and 60 (seconds.) 
Hence the compound fraction will be -^^ of ^ of Y, 
which^ multiplied by the given fractK>n becomes 

3 24 60 60 



11520 111 

Cancelling, successively, 60 and 24, factors common to 
numerator and denominator, we have first . 

3 24 W 60 , 3 U ^0 60 

X — X — x-^; then — -— X — X — x—. 



WW0 I 1 1 XX$t0 1 1 1 

192 X$$ 

Finally, cancelling the factor 4, which is common to 
the numerator 60, and the denominator 8, we have 

3 ><^^«0^^^45^^.^^^^_ 



XX$ftfi 11 12 

xn 



We have beet particular to g^ye the complete work oi 
cancelling in these examples, by writing down the whoU 
work at the successive stages of operation. In practice 
the expression need not be written more than once. With 
a little practice the pupil will be able to strike out the 
common factors with accuracy and despatch. 

Reducfe TjjVff of a pipe of wine to an equivalent frao 
tion of a gill. 

In this example, the successive denominate values be 
tween a pipe and a gxU »?^.*il \iO^%h!^ads, 63 galloivB, 4 
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4 

'quarts, 2 pints and 4 gills ; therefore, our compound frac- 
tion is -f of ^ of 4- of f of f, which, multiplied by the 
given fraction, becomes rcVy of f of ^j^f f of f of f ; thia 
becomes, after canceUing like factors, I gill. 

4. Reduce -JH of a yard to a fraction of a mile. 

5. Reduce ^ of a gill to the fraction of a gallon. 

Ans. tIt* 

6. Reduce -fff of a pound to the fraction of a ton. 

Ans. tsVt* 

7. Reduce •)- of a mile to the fraction of a foot 

Ans. 1760 feet. 

8. Reduce i of -J- of f of a yard to the fraction of a 
mila Ans. t^ l tt ' 

9. Reduce i of -^ of -f^ of a gallon to the fraction of a 
gill. ^ Ans. f. 

10. Reduce f of f of a hogshead qf wine to the fraction 
of a gill. Ans. -^^^=597+. 

1 1. Reduce -J- of f of 4-1- yards to the fraction of an inch. 

Ans.^p-^^^. 

12. Reduce + of ^ of a farthing to the fraction of a 
shilling. Ans. msSr- 

1 3. Reduce -^ of an ounce to the fraction of a pound 
avoirdupois. AnSf tIt' 

14. Reduce f of i of 1 rod to the fraction of an inch, 
of a foot, and of a yard. r^l^= 129-H inches. 

Ans,\ W= iP^feet. 
l^= 3ff yards. 

15. Reduce + of f of 1 hour to the fraction of a month 
of 30 days, and to the fraction of a y^ar of 365 days. 

4 i Ans. \ ^"^ °^ ^ month. 



f (tAt of« 
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t 

90* To find what fractional part one quantity is of an- 
other of th<9 same kind, but of different denominations. 

Suppose we wish to know what part of 1 yard, ^ feet 3 
inches is. We reduce 1 yard to inches, which gives! 
yard =36 inches ; we also reduce 2 feet 3 inches to inches, 
which gives 2 feet 3 inches=:27 inches. Now, it is ob- 
vious that 2 feet 3 inches is the same part of a yard that 
27 is of 36, which is -If =f. 

Hence, we deduce this 

RULE. 

Reduce the given quantities to the lowest denominatum 
mentioned .in either. Then take the number which expresses 
the quantity of which the other is to be the fraction^ part, 
for a denominator, and the other number for a numerator^ 
and the fraction thus formed will denote the fractional part 
saugM. 

EXAMPLES. 

1. What part of £Z is, \d. is 2*, 64- ? 

In this^example, the quantities, when deduced, become 
£Z is. Id.=769rf.; and 2^. 6rf.=3Qrf.; therefore, ^ is 
the fractional part which 2^. 6i. is of ^3 As, Id. 

2. What part of 3 miles, 40 rods, is 27 feet 9 inches ? 

Ans, jpffuTF* 
3 What part of a day is 17 minutes 4 seconds? 

Ans. xh* 

4. What part of 8700 is $5-30 ? Ans. yHt- 

5. What fractional part of 2 hogshefids is 3 pints? 

Ans, xhr« 

6. What^part of $3 is 2^ cents ? Ans Vb- 

7. What part of 10 shillings, 8 pence, is 3 shillings 
penny 9 Ans, Vft. 



L 
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8. What part of lOD acres is 63 acres, 2 roods, 7 rods of 
land? Ans. iUH- 

9. In the Eagle there are 232^ grains of pure gold, and 
12tV grains of silver, and the same quantity of copper. 
The silver and co]ppcr is each what part, by weight, of the 
gold? And the silver and copper together is what part 

" Silver and copper are each 
-^ of the gold. Silver 



of the gold ? 



and copper together are 
. -)- of the gold. ^ 

10. In tl^e United States standard diver coin of one dol- 
lar, there are S7H grains of pure silver, and AH grains of 
copper. What fractione^l part is the copper of the silver? 

Ans. +. 

1 1. The silver in standard gold coin is what part of the 
silver in the same value of standard silver coin ? 

Ans. tMt- 

12. The pound Troy contains 5760 grains, the pound 
Avoirdupois contains 7000 grains. A pound Troy is what 
part of a pound Avoirdupois ? An<f. |4I* 

13. The imperial gallon contains 277^ cubic inches, 
nearly ; the old wine gallon contains 231. What part of 
the imperial gallon is the old wine gallon ? Ans. -ftVf • 

14. The solar year is 365 days, 5 hours, 48 minutes, 48 
seconds. By what part of a day doe^ this exceed 365 
days ? Ans. ^ jf . 

91. To reduce a fraction of any given denoinination to 
whole denominate numbers. 

Suppose we wish to know the value of f of a yard ; we 
know that i of a yard equals f of ^ of a quarter:=:f of a 
quartern 1 quarter-hi of a quartet. The -k of a quarter 
majr be considered as a remainder. 

15* 



174 ELEMENTARY ARITHMETIC. 



♦ 



Again, ^ of a quarter equals ^ of f of a nail=2 nafls. 
Therefore, -f of a yard equals 1 quarter and 2 nails. 
Hence, we deduce this ^ > 

RULE. 

Multiply the numetator by the nundtir expressing how 
many of the next lower denomination make one of the denom- 
ination of the fraction^ an4 divide the product by the denom- 
iiiator; multiply the remainder^ ifo-ny^ by the nttmber express- 
ing how many of the next lower denomination make one of 
that remainder, and again divide the product by the denom- 
inator; continue this process until there is no remainder^ or 
until tm reach the lowest denominate vdUie. The successive 
quotients will form the whole denominate numbers required. 

EXAMPLES. 

1. What is the va^ae of -ft- of an hour? 

In this example, -ft- of an hour equal -ft of -V^ of a 
minute, equals 12 minutes. 
' 2. What is the value of f of 1 yard 7 ' 

Ans, 1 quarter, 2f nails. 

5. What is the value of J of f of 1 mile ? 

Ans. 1 furlong, 20 rods. 
4. What is the value of f of f of 1 cwt. ? 

Ans. 1 quarter, 12 pounds. 

6. What is the value of | of 14 miles, 6 furlongs ? 

Ans, 2 miles, 3 furlongs, 26 rods, 1 1 feet. 

6. What is the value of \ of f of 2 days of 24 houn 
each? Ans. ^ hours, 36 minutes. 

7. What is the value of -J- of ^ of -ft- of ah hour? 

Ans. 5 minutes, 37-J seconds. 



ADDITION OF DENOMINATE FRACTIONS. 175 

8 What is the value of -^ of a solar day ? 

Ans. 5A. 48in. ASsee. 

9. What is the value of -fH of a pound Avoirdupois? 

Ans, IZoz, 2^Hdr. . 

10. What is the value of iV of a bushel? Ans. 3^ quarts. 

1 1. What is the value of -^ of a jear of 365 days 1 

Ans. 30 days. 

12. What is the value of ■( of ^ of i of an acre 1 

Ans. 25 rods. 



ADDITION OP DENOMINATE FRAGTI0N8. 



So long^ as fractions are of different denominate 
values, thej cannot be added, any more than integers can 
of different denominate values. Hence,, before seeking to 
add, it is necessary to reduce them to the same denomina- 
tion, then, to a common denominator^ and apply the rule 
under Art. 43 • . ' 

What is the Rule for t^ Addition of nenominate fVactionil 

EXAXPLE8. 

1. Add i of a shilling to ^ of a pound. 

I. i of a shilling equals -{^ of ^ of a poundn-rlr of a 
pound, which added to i of a pound =1^ of a pound, 
gives -iVr=5=i^ of a pound for the sum. 

II. ■}■ of a pound =-}• of -V of a shilling =5 shillings, 
which, added to i of a shilling, g^ves 5i=^ of a shilling 
for the sum* . 
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If our work h right, these two results ought to be of th« 
samevalue, that is, -(f of a pound must equal 5^ shilliziga 

We know that -H of a pound='H of -V of a shilhngr: 
V- of a shillfng. ^ 

2. Add i of a yard, f of a foot, and f of a i?iile. 

These fractions, before adding, might be reduced to frac- 
tions of a yard, or of a foot, or of a mile, or of any of the 
denominate values of I/ong Measure. But a better w&y 
would be to reduce each to itaintegral denominate value, by 
Rule under Art. 91. 

Thus : i of a yard=-J of ^ of a foots 1 foot. 

f of a foot =:-J- of -^ of an inch = 10 inches* 
f of a mile=;-| of ^ of a furlong =3 furlongs. 

Therefore^ the sum is 3 < furlongs, 1 foot, 10 inches. 

3. Add -J- of a week, -J- of a day, i of an hour. 

^ of a week^rr-jl- of -f of a day=;:3i day8=:3 days4-J of 

-V* of an hour =3 days, 12 hours. 

•J- of a day =f of ^ hour = 4 hours. ^ 

f of an hour = f of V of a minute = 1 5 imnutes. 

Hence, the sum is 3 days, 16 hours, 15 minutes. 

4. Add -i" of a year, f of a week, tV of a day, together. 

Ans. 7&d€t, 2Af. 

5. What is the sum of i pf a ewL, + of a qr., ■}* of a Z5J 

Ans. 2qr. 9lb. 9oz. b\dr, 
•^6. What is the sum of iV of a bushel, i- of a peck, -j^ of 
a quart? Ans/ ^-^t. 

7. What is the sum of tV of a yard, and -J- of a foot ? 

Ans. 7f inches. 

8. What is the sum of -f of a week, -J of a day, and \ 
of an hour? - ^ Ans. Ada, 2\hr. Sm. 

9. What ift the sum off. of a bushel,-^ of a peck, imd 
^ofa guart ? Aus. ^pV ^qt. ^^jfc, ^^ 



SUBTRACTION OF DBNOMINATB PRACTI0N8. I77 



SUBTRACTION OP DENOMINATE FRACTIONS. 



As in Addition, the fractions lomi be first reduced 
to the same denomination ; afterwards they must be 
brought to a common denominator, and then the work 
may be completed, by Rule imder Art. 4L4L* - 

Wiiat IB the Role for the Snbtraetimi of Denominate Fmctiom. 

V ' • . 

EXAMPLES. 

I. From i of a poimd subtract ^ of a shilling. 

I. i of a £=i of -V of a shillipg==:f of a shilling. 
Therefore, f— i=-H— -ft=-f*. So that the difference 

k ff of a shilling =:2W o^ a shilling. 

II. I 0(f a shilling=} of yV o^ ^ pound^^^^ of a pound. 

^^ i-rh^^A-^h^jW So that the difference 
is ^y^ of a poundrsyV^ of -^ of a shilling=-ff of a shil- 
ling, as before. 

. 2. From % of a day subtract j of a minute. 
"I of a daysz-f of -V* of an hour =9 hours. 
i- of a minute =7 ef ^ of a second =12 seconds. 
Hence, From 9hr. Cm, Osec, 

Take 12 ' 

Difference, 8 50 48 

8. From ^ of -f of 15 yards of cloth, subtract | of 1^ of 
one quarter, 
i of f of 15 3rards=5 yards. 
I of Yj of one quarter =1 of j% of f of a nailrz-jA^ of a 
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yd. qr, no. 
Hence, From 6 

Take 0/y 

^Difference, 4 3 3}| 

4. From ^ of 5 acres of land, subtract ^ of 3 roods. 

1 Ans. 2ii. 41?. 

6. From f of an ounce, take f of a pennyweight. 

Ans, 7pwt: I5gr, 
6. From ^ of a hogshead, take •{ of a quart. 

Ans. 6gal Sqt, -fpt 

94: m E^^ERCISES IN DENOMINA,TE FRACTIONS. 

1. A person gave 4 of a pound for a hat, -^ of a shilling 
for some thread, and -J- of a penny for a needle. What 
did he pay for all ? Ans. 3s. 2d. S^far. 

2. What is th« value of ^ of a week, -J- of a day, and -J 
of a minute? Ans. 3da,20hr, i5see, 

3. What is the value of f of a pound, f of an ounce, 
and -f of a pennyweight, Troy? Ans. 2oz. ISpwt. 3fgr. 

4. K 41 pounds of sugar cost 43^ cents, how much is 
it per pound? : Ans. 10 centi^. 

6. If r pay $404 f or 8f bushels of apples, how much 
do I give per bushel 1 Ans. 46^ cents. 

6. Four persons, A, B, C, and ID, own a ship, of which 
A owns J of •} of the whole ; B owns ^ of -f as much as 
A ; C owns f as much as B ; and D owna the remainder. 
What are the respective parts owned by each ? 

A owned -^flp* 
B « ytv- 



Ans, 
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7. From i of i of a daj of 24 hours, take of i of i\ 
hour. Ans. SL 30m. 

8. To f of 4i dajB of 24 hours each, add + of f of 3j 
hours. Ans. 3d, 9d. i\m.40sec, 

9. A certain sum of monej is to be- divided between 4 
persons, in such a manner that the first shall have ^ of it, 
the second ^, the third ^, and the fourth the remainder 
which is $28. What is the sum ? 

i+T+i=f> which wants just ^ of being the whole; 
hence, the fourth one had ^ of the whole. Consequentlj, 
$28 is ^ of the whole, and the whole is <^28x4=$112. 

10. A received -J- of a%acy, B ^^ and C the remain- 
der. Now it is found that A had $80 more than.fi. How 
much did each receive ? 

i— (S = iS- Hence, $80 was iV of the whole legacy • 
the legacy was therefore $8Uxl5=:$l 200. 
Hence, ^ A had f of $1200=$200. 

B had tV of $1200= $120. 

C had the remainder=880. 

Proof, $1200. 

11. flight detachments of artillery divided 4608 cannon 
balls in the following manner : The first took 72 and i of 
the remainder; the second took 144 and ^ of the remainder ; 
the third took 216 and -J^ of the remainder ; the fourth took 
288 aiid j of the remainder. The balance was equally 
divided among the remaining four detachments. How 
fioany balls did each detachment receive ? 

Ans, Each received 576 balls. 

12. Five persons divide 100 pounds of sugar as follows 
'Hie first takes ^ of f of the whole ; the second takes j 
of f of the remainder ; the third takes A of •}■ of the re- 
ma'mddr; the fourth takes J of ^ oi >k^'fc x^\£Aisd^t\ 
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and the fifth had what was left. How much did cwush 

receive? 

lb. 1h, lb. «flr. dr, 

"The Isthad iVftV of 100=A of 100=10 11 6f 

« 2d had iWW of 100=:Vft- of 100:== 1 1 2 9*. 

AnsJ " 3dhadTV^ofl00=;:TV6 of 100=11 11 8. 

« 4thhadTWfro^l00='5Wr of 100=12 7 3i 

. « 5th had^iV^of 100=iif} of 100:^=53 15 4j. 



VU16AR JRACTI0N8 REDUCED TO DECIMALS. 



To change a vulgar fraction into an equivalent 
decimal fraction. 

Let us endeavor to change f into ap equivalent deci- 
mal fraction. 

This fraction is the same as -f of a unit ; and as 10 
tenths make a unit, the fraction is the same as -} of V* of 
a tenth, =3 tenths -f^ of a tenth. Again, f :of a tenth is 
the same as ^ of -S<^ of one hundredth, =7 hundredths +-1 
of one hundredth. But \ of one hundredth is the same as 
^ of -^ of one thousandth,=5 thousandths. Therefore f 
of a unit =.3 tenths, 7 hundredths, and 5 thousandths, or 
as usually written, ■t=0-375. 

Hence we deduce this 

RVLZi 

Ann0x a cipher to the numerator, and then divide by the 
denominator. If the dividend will not contain the divisor j 
write in the quotient and annex anoiktr c\pKeT> aud IKaiw 
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iwide ; to the remainder annex another cipher j and agmn 
divide hy the denominator ; and so continue to- do until 
^ere is no rejnainder^ or until as many dectmai figures have 
heen obtained as may be desired. The quotient will be the 
decimal fraction required 

Kon. — ^It will be seen that this rule bears a close analogy to 
rale under Art. 91, as it otight ; since the ralnes of the succes. 
aire figures in a decimal fraction decrease in a tenfold ratio. 



1. What decimal fraction is equivalent to iV ^ 

16)100(00626 
96 

40 
32 



80 
80 



.0 

2. Wha' i^cimal is equivalent to T^y? n 

Ans, 005555, &c. 

3. What decimal is equivalent to -^ 1 An^.. 0*05. 

4. What decimal is equivalent to iiV^ Ans, 0*04. 

5. What decimal is equivalent to -J ? r 

' Ans. 0-3333, &c. 

6. What decimal is equivalent to ^-^ 

. Ans.0'U9S57,^, 

7. What decimal is equivalent to i^- ^ 

, i4iw. 0-0909, &c 

8. What decimal is equivalent to i^ ? 

Aifcs. QQTQ92a.4i<k 
, Id 
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9. What decimal is equivalent to iV ^ 

Ans. 0'0588235, ftc; 
10. Change f into an equivalent decimal. Ans: 0*75, 
\l. Change f into an equivalent decimal. 

iln*. 0-6666, &c. 

12. Change f into an equivalent decimal. Ans. 0*6. 

13. Change f into an equivalent decimal. 

Ans, 0-8333, &c. 

14. Change -f into an equivalent decimal. 

An*. 0-5714285, &c. 

15. Change -i^ into an equivalent decimal. 

Ans, 5625. 

16. Change f into an equivalent decimal. Ans, 0875. 

17. Change jti i>^to an'equivalent decimal. u4n*. 0*95. 

18. Change ff into an equivalent decimal. Ans. 0-98. 

19. Change || into an equivalent decimal. 

Afis, 0-928671428, &c. 

In the foregoing process of converting a vulgar fraction 
into an equivalent decimal fraction, we continue to annex 
ciphers to the remainders, and to divide by the denomina- 
tor of the vulgar fraction ; hence, whenever we obtain a 
remainder like one that has previously occurred, then the 
decimal figures will commence a repetition. And as no 
remainder can exceed or equal the divisor or denominator 
of the vulgar fraction, the whole number of different re- 
mainders cannot exceed the number of units in the denom- 
inator less one ; consequently, when the decimal figures 
do not terminate, they must recur in periods whose num- 
ber of places cannot exceed the number of units less one 
in the denominator of the equivalent vulgar fraction. 

Decimals which recur in this way, are called repeUnds. 
When the period begins VviYi xYie fvs»x ^^c^m^ i^gss^V 
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is called a simpie repetend. But when other decimal 
figures occur before the period . commences, it is called a 
compound repeUnd. 

A repetend is distinguished from ordinary decimals bj a 
period or dot placed over the first ai^d last figure of the 
circulating period. 

O0« The following vulgar Actions give simple 
lepetends : 

+z=GU3857. 

Tir=0()9. 

1^=0076923. 

tV=005882352941 1764t. 

TV=0-65263157894736842i. 

■54-=:0047619, » 

^=00434782608695652173913. 

07. The following ones give compound repetends: 

i=016. 
T^=0083. 
tV==00714285. 
■^=006. 

«V=Q045. 
,V=0 0416. 

•8. Those simple repetends, which have as many 
terms, less one, as there are units in the denominator, we 
shall call perfect repetends. The following are some of 
I&0 perfect repetends : 
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+=?0i42857. 

tV=005882362941 17641 

tV = 005263 1 57894736842 i . 

ii>y=0-64347826086956521739l5, 

tjV - 0-634482758620689655 1 7241 3793 i. 

- « 
NoTfi.-'-For some uit^resdng properties of r^epetends, see Higto 

Arithmetic. 
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K A denominate decimal is a decimal fraction of a 
unit of a particular kind. Thus, 0-45 of a ^f , is a denom- 
inate decypal, since the unit is ^1 ; for the same reason, 
0*25 of a foot is a deiK)minate decimal, the unit being 1 
foot. 

What b a denmainate docinal 1 Give lomA ezampfef. 



CASE L 

To reduce denominate numbers of difiereni denommap 
tions to a decimal of a given denomination. 

Let it be required to reduce 15^. 6d, 3/br. to the deci- 
mal of a £. 

I. 3far.=id.=z0'75d. 

XL 6d. yar, is therefore the same as 6'75ii; if 

divide this by 12, it will become 

6-75 

=:0-5625». 

12 
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m. 15^. 6rf. 3/ar. = 15*5625*. ; this divided by 20, gives 

15-5625 • , ^ 

. — =:0-778125 of a £. 

20 

for the decimal sought. The work may be inore con- 
cisely done, as in the following , 

OFEaRATION. 

4ld/ar. 



12 
210 



675J. 
15-5625A 



0778125 of a £. 



EXFLANAtlON 

r * 

. We placed the different denominations above each other, 
io that the smallest denomination stood at the top; w^ 
then supposed ciphers annexed to the 3 farthings, and 
divided by 4, since 4 farthings make one» penny, and the 
quotient, which must be a decimal, we placed at the right 
of the 6 J. ; we next divided 6-75d. with ciphers annexed, by 
12, because 12 pence make one shilling, and the quotient, 
which is also a decimal, we placed at the right of the 15^. ; 
finally, we divided the 15-56255. by 20, because 20 shil- 
lings make one pound. In dividing by 20, we cut off the 
cipher, and then divided by 2, observing to remove the deci- 
mal point one place to the left. 
We therefore have'this 

RULE. 

%!• 

Place the different denominations above each other^ so thai 
theJowest denomination may stand at tKe to-p \ tomtwbtiww^QX 

16* 
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the iopf annex .piphersy and divide each denomination by ih$ 
number expressing how m<iny of such denomination make a 
unit of the nexf higher denomination. The last quotient uM 
be the decimal required. 

Repeat thia Rule. y . 

EXAlfFLES. 

1. Reduce £^ 5s. 2d, Iqr. to the decimal of a jC 



OPERATION.- 



4 

12 
210 



II 



2-25 



5'I8T5 



8-259375 of a £. 



2. Reduce Zqr. 2na. to the decimal of a jurd. 



4 

4 



OPERATION. 

2_ 
3-5 



0-875 of a yard. 



3. Reduce Ift, Ain. to the decimal of a ^ard. 



12 
3 



OPERATION, 



1-3333, &c 



0-4444, &c. of a yard. 



4. Reduce Sib, Aoz. Spwt. Igr. Troy, to the decimal of a 
pound Ans. B^e^^^^^^lin A^-i^^^^- 
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5. Reduce 3 A. 30m. lO^^e. to the decimal of a day. 

Ans. 01 45949074074, &c., of a day. 

6. Reduce ^3 5^. Od. 2far. to the value df a jS. 

Ans, ^^3-252083333, &c. 

7. Reduce 28 g^allons qf wine to the decimal of a hogs- 
head. Ans. 0-4444, &c., of a hogshead. 

8. Reduce 4^ 6^. to the decimal of a £. 

Ans, ;e0-2270833, &c. 

9. Reduce 18^. 3^. to the decimal of a £. 

Ans. ;e0-9 15625. 

10. Reduce 3 pecks, 5 quarts and 1 pint to the'decimal 
of a bushel. Afls. 0-921875 of a bushel. 

11. Reduce llAr. 16m. 15fec. to the decimal of a day. 

Ans. 0-469618055, &c., of a day. 

12. Reduce 20 rods, 4 yards, 2 feet and 6 inches to the 
decimal of a furlong. 

Ans. 0-521969696, &c., of a furl(Mig, 

13. Reduce 42m. 36sec. to the decimal of an hour. 

Ans. 0-71, of an hour. 

14. Reduce 30 days, 3 hours, 27 minutes, 30 seconds, tc 
the decimal of a year of 365-24224 uays. 

Ans. 0827617, &c., of a year. 

15. Reduce 5hr. 48m. 49'5d6sec. to the decimal of p 
day? An*. 0-24224 of a day. 



CASE n. 

To find tfaepropw value of denominate dedmaLi. 
Find tbe value of 0-778125 of a ^e. 
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OPERATION. • 

0778125 of a jB. 

20 =shilling8 in £1. 

15-562500*of a shilling. 
12 =pence in U, 

U250 
5625 

6*7500 of a penny. . 

4 =;farthing&i in 1 .penny. 

30# farthings. 



Which givis 15^. 6 J. 3/ar. 



EXPLANATION. 



, J 



We first multiplied the decimal of a rf by 20, because 
20 shillings ma^e 1 pound ; pointing off by the rule for 
decimals, we found 15^. and Q'5625 of a shilling. Then 
we multiplied this decimal of a shilling by 12, because 12 
pence make 1 shilling ; pointing off, we found 6d. and 0*75 
of a penny, which being multiplied by 4, because 4 far- 
things make 1 penny, gave just 3 farthings. 

By carefully considering the above operation, we deduce 
this 

RULE. - 

Multiply the decimal hy the number expressing hmo many 
of the next lower denomination make a unit of the denom- 
ination of the decimal; point off by tke usual rule for 
decimals; multiply the decimod part^ tKus ^uted of ^ <u 
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before; and so continue to the lowest denomination^ the 
several denominate values sought will appear at the left of 
the decimal point of the successive products. 

Bqmt tbu Role. 

'EXAMPLES * • 

« 

1. What is the value of 0-9075 of an aore? 






OPERATION. ' 

0-9076 > 

< 4=n)ods in \A, 

36300/e. 

4O=^rod0 in IjS. 

25-2P. 



Ans, 3ii.25 2P. 

2. What is the value of ,£0125? Ans. 2*. 6A 

3. What is the value of £0*66f ? ^ iln^. 13^. 4(2. 
4 What is the value of 0-375 of a hogshead of wine? 

Ans, 2%tf/. Iqt, \pt, 
6, What is the value of 0121212 of a year of 365 days? 

Ans, 44da. hhr, 49m. 1 *632fec. 

6. What is the value of 0-3355 of a pound avoirdupois ? 

Ans, hos, 6-888Jr. 

7. What is the value of 0-3322 of a ton ? 

Ans, ^icwt. 27r. 1626. 2-048o«. 

8. What is the value of 0-2525 of a mile t 

Ans, 2fur. drd. Ayd \ft, 2-4ffi, 

9. What ia the value of 0^345 of a jS ? 

Ans, 6s. IQd. 3-2/ar. 
16 
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lO: ^hat is the value of 0121212 of a day? 

Ans. 2hr. 54m. 32'7\6Ssee. 

1 1. What is ihe value of 0-3456 of a £ ? 

Ans. Qs. lOd. 3-776/ar. 

12. Wb^at is the value of 09875 of a £ ? 

Ans. 19*. 9d 

13. What is the value of 0;24224 of a solar day ? 

^ Ans. 57ir. 48m. 49*536^c. 



DUODECIMALS. 



'lOO. In decimals we have seen that the figtrres 
decrease in a tenfold ratio, from the left towards the 
right. 

In duodecimals, this decrement goes on in a twelvefold 
ratio. 

The diflferont denominations are the foot (/) the prttnej 
or inch ('), the second ("), the third ('"), the fourth (""), 
the fifth ('""), and so on. 

Thus, 7/, 6S 3", 4'", 5"", is read 7 feet, 6 primes, 3 
seconds, 4 thirds, 5 fourths. 

The accents used to distinguish the denominations be- 
low feet, are called indices. 

Taking the foot for the unit, we have the following 
relations: 

r zz-iS of 1 foot. 

1" =^ of -tV of i; foot =rh of 1 foot. 

V" =-iV of tV of tV of 1 foot=-r^»j7 of 1 foot. 

i""=: jV of 1% of t^t of ^ of I foOt^Tf^Vr^ of I foOt 

Ac. &c. &,^- ^^» 
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ADDITION AND SUBTRACTION OP DUODECIMALS 

101. Abdition Ain> S^dbteaction of duodecimals, an 
performed like addition and subtraction of other denom 
inate numbers, remembering that 12 of any denominatioi 
make one of the next greater denomination. 

In decimals how do fifoiM doereaaa from the left toward the rtfhtt In duodeel 
aelt how do they deereaae 1 What are the different denominations oru'eodeeimals 
What are the accents nailed which are used to distinfuish the diflerent denomination 
balvw the loot 1 How is ndditien and enbtnction .gf daodecimals peifonned t 

EXAMPLES. 

(1) (2.) 

17/ r 8" 365/ 1' 7" 9" 



HI 
tff 
ftt 



25/ 0' 2" 521/ 10' 10" 11 

3(^ 10' 11" ' 605/ 8' 8" 1 

29/ 6' 6 ^' 731/ 3^ 0^' 8 

103/ i' 3 " 2224/ 0' 3^^ 5 '^^ 

8. What is the sum of 3/ 6' 4", 8/ 3' 4'V9/ 1' 3", anc 
10/ 10' 10"? i4«^. 3I/9'9". 

4. What is the sum of 100/^8' 8'', 135/ 0' 1", 65/ S 
2", 45/ 3' 3", and 200/ 6^ 6" ? Ans. 647/ 3' 8". 

(5.) (6.) 

From 87/ 3' 4" lt)0/ 10' 10" 

Subtract 35/ 8^ 9 ^' 90/ 6' 3" 

Remainder 51/. 6' 1" 10/ 4' 7" 

I II ■ ■ ■ 

7, From 25/ 6' 6" subtract 18/ 9' 10''. 

Ans, 6/ 8' 8*. 

8. From 100/ subtract 58/ 2' 1". Ans, 41/ 9' 11" 
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MULTIPLICATION OF DUODECIMALS. : 

109. Suppose we wish to laultiply 14/ 7'hy^.t 
we should proceed as folio wa ; 

14/ V 
2/ 3 ^ 

3/ r 9" 
29/ 2' 

Ans. 32/: 9^ 9 ^^ =±32/+-^ of -a foot+rfr ©^ «^ foo^ 

EXPLANATION. 

We begin on the right hand, and multiply the multipli- 
cand through, first , hy the primes of the multipHer, then 
by the feet of the multiplier, thus : 3' x 7'=-ft- x -A-=-iV? 
of a foot, which is 21"=:r 9" ; we write down the 9", and 
reserve the 1' for the next product ; again, 1 4/! x 3'= 14 x 
i\=^ of a foot,Vhich is 42'; now adding in the 1', 
which was reserved from the last product, we have 43'= 
3/ 7', which we write down, thus finishing the first line 
of products. 

Again, we have 2/x7'=:2xA=-H" of a foot, which 
is 14' = 1/2'; we write the 2' under the princes of thd 
line above, and reserve the 1/ for the next product ; 2f. x 
14/ =^28/, to which, adding in the 1/ reserved from the 
last product, we have 29/!, which we place underneath 
the feet of the Une above. Taking the sum, we find 32/! 
9' 9", for the answer. ? 

From the above we infer, that if we consider the indett 
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of the feet to be 0, then the denomination of each product 
wiU he delated by the sum of the indices of the factors. 

Thv»^ feet hj feet^ ^oiuces feet ; feet hy primeSy^wy 
di^cea primes ; primes hj primes^ produces seeondsy &c. 

Hence, to multiply a number consisting of feet,' inches, 
seconds, &,c.^ hy another number consisting of like quan- 
tities, we baye this 

RULE. 

• ' I, • ■ • 

Place the several terms of the multiplier under the oor- 

responding ones of the muUiplicand, Beginning at the right 

handy multiply the several terms of the muUiplicand by the 

several terms of the multiplier sueccssivelyy placing the 

right-hand term of each of the partial products under its 

muHijXier ; then add the partial products together j observing 

to carry one for every twelve, both in multiplying and add- i 

ing. The sum of the partial products will be the answer. 

thuRule. 

EXAUPLES. 

1. What is the product of 3/ 7' 2" by 7/ 6' 3"t 

, OPERATION* 

'3/ 7' 1i'' 
7/ 6^ 3 ^^ 

10" 9'" 6^'*' ^ 
1/ 9' 7" 0'" 
25/ 2< 2" 

Ans. 27f 0' r T ^ "[' 

17 
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2. Multiply 7/ S' by 6/ 4' 3"? An^. 48/ 8' 7". 

3 Multiply 6/ 9' t' by 4/ 2' ? ^n^. 28/! 3M 1" 2'". 

4. What is the Eurea of a marble slab, whose length is 
7/ 3V and breadth 2/11'? Ans, 2 1/ 1' 9". 

5. How many square feet are contained in the floor of 
a hall 37/ 3' long, by 10/ 7* wide? Ans. ^,94/ 2' 9", 

6. How many square feet are contained in a garden 
100/ 6' in length, by 39/ 7' in width ? Arts. 3978/ 1' 6". 

7. How many yards of carpeting, one yard in width, 
will it require to cover a room 16/ 5' by 13/ 7' ? 

Ans. 24yi. 6/ 11' ll'V 



REDUCTION OP CURRENCIES. 

103* Before the adoption of Federal money in this 
country, accounts were generally kepX in the denomina- 
tions of English money. Different States considered the 
pound as having different valued, as given in the following 

TABLE." 

91 in England =4 J. 6d.:^£-ff^, called Sterling mone;y. 
•1 in J ^^^^^ Carolina ) =4j. 8J.=je-j'y, called Georgia 
c Georgia > currency. 

ftl in \ ^^^^^^ I = 5^.=^^, called Canada cur- 
( Nova Scotia ) rency. 

;Ne w England States " 
Virginia - 
Kentucky 
Tennessee 



\ 



=6^. =.£-ft, called New 
England currency. 
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'New Jersey 
. Pennsylvania 
•^ "^ I Delaware 

_ Maryland 

' New York 
$1 in-( Ohio 

LNoWh Carolina 



I =7^. 6J.=Jef,^ called Pennsyl- 
vania currency. 



^Ss.==£i, called New York 
currency. 



How were necouBte kept before the adoption of Federal money t Did aN the States 
estimate the pound at the same value 1 What fraction of a jC is •! in Stierling money 1 
tVhat part of a J5 is 91 in Georgia currency? VThat part of a Jb> is •! Canada curreneyl 
^at part of a j5 is $1 New England currSQcy 1 VSThat part in Penosykania car- 
wnej 1 What port in Now York currency'? 



CASE I. 

104r« To reduce Federal money to pounds, shillings, 
and pence, we obviously have this 

« 

RULE. 

Multiply the sum in Federal money by the value of $\ 
expressed in the fraction ofapoundj as given in the above 
Table ; the product wdl be pounds. If there are decimals- 
of a pound^ they must be reduced to shiilings and pence by 
Rule under Art. 00» 

What is the fraction by which we multiply Federal money, to reduce it to Sterling 
money 1 What fraction do Yr« multiply to reduce it to Gedrgia currency 1 What is 
the fraction for Canada currency 1 What f ^r New England currency i What for 
Pennsylvania currency 1 What for New York currency? If in the product them 
are deeraiala of a pound, how do you dispose of them 1 

EXAJO^LES. 



1. Reduce 8100*20 to the different currencies, as given 
\nihe prec^iing Table. 
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£ S. d, 

'22 10 lOi Sterling mon^y. 



Ans. 9100-20 c=:< 



An*. •37-37=^ 



23 7 7-t Georgia cunencj. 

25 10 Cahada curKJndy. 

30 1 2f New England currency 

37 1 1 6 Pennsylvania cuirency. 

40 1 7t^ New York currency*. 

2. Reduce $37*37 to the different currencied. 

£ s, d, 

'88 1-98 Sterling money. 

8 14 4'72 Georgia currency. 

9 6 J 0-2 Canada currency. 
11 4 2*64 New England currency 
14 3*3 Pennsylvania currency.- 

J 4 18 lh52 New York currency. 

8. Reduce $1000 to ciquivalent values in the differen 
cunencies. 

r225 Sterling money. 

233 6*. 8c^. Georgia currency. 
250 Canada ^currency. 

300 New England curreney. 

375 Pennsylvania currency. 

400 New York currency. 



Ans. $1000= M 



CASE n. 



lOS* To reduce a sum in either of i)xe above currencie 
«,o Federal money. 

' It is obvioui^, thai by mTerting the fractions which ea 
press the value of %\ in po\m^a,«^* igCT^s^\TL\)cvfe^\^^i5i^ 
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taj[>le, we shall obtain the raiue of ^1 in dollars. Con- 
sequently, we deduce this 



RULE. 

/. Reduce the shillings and pence j if any ^ to a denmal of 
a^poundj by Ruh under Art. 90« 

//. Multiply the pounds and decimals^ if any^ by the 
fractions of the preceding tablcj after inverting them ; the 
products wiU be in dollars and decimals of a dollar. 

Bf what fnctipn mint w« multiply Sterling m<m«y to redoee it to FBdoml nMney 1 
Wbat fraction do we maltiply by to reduce Georgia eurreacy to Federal money 1 By 
wli«tdo we multiply to rednee CSuuda eorrmey 1 By what to nduee New England 
eurreney 1 . By what to reduce Pennsylvania comoey 1 By what to reduoe New 
Yoilt enneacy 1 

EXAMPLES. 

i; Reduce ^75 15^. 6d. of the respective currencies 
mentioned in the preceding table, to Federal money. 

£75 15^. 6i. =£"5-775, which multiplied \iy the re- 
spective fractions ^j ^, f, V^j h ^^^ f> gives the follow' 
ing answer: 

f Sterling money =S336-77-f. 

Georgia currency ^ 324-75. 

Canada currency =30310. 

New England cunrency= 252-58^. 
Pennsylvania currency = 202-06f. 
New York currency ;= 189'43f. 

^Reduce £80 5i^. 3tf. of the di&r6nt eunenciet to 
Federal money, , 

17 • 



Ans.£7^l5s.6d 
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Ans. Jf 80 5^. 3d. < 



iin^.^iaoo.^ 



=:$4444;444i. 
= 4285-714f 
= 4000. 



Sterling money =$356-722f. 

Georgia currency = 343-982-^. 

Canada currency . = 32106. 
New England currency^ 267*54 1-}. 
Pennsylvania currency = 214033-^. 
New York currency =; 200'656}*. 

3. Reduce j^lOOO of the different currencies to Federal 
money. 

Sterling money 
Georgia currency 
Canada currency 

New England currency = 3333-333i. 
Pennsylvania currency = 2666-666f.' 
.New York currency == 2500. 

106. The following are the rates at w:hich some of 
^e foreign coins are estimated at the custom-houses of 
the United States : 

EngHsh^ ,.*...... . . . •4-84. 

Livre of France . . , . .^ . . » . $018^. 

Franc of do $0-l8f 

Silver Rouble of Russia . ...... $075. 

Florin or Gailder of the United Netherlands $0-40. 
Mark Banco of Hamburg ...... f 035. 

Real of Plate of Spain .... . • . $0-10. 

Reai of Vellon of do. . . . . . . . . $b05. 

Milrea of Portugal ... . . , . • 91*12^. 

Tale of China Jl^S. 

Pagoda of India . • •1-84. 

Rupee of Bengal . . . .... . . $050. 

Specie dollar of Sweden and Norway • • $l'Od 
Specie dollar of Denmaik . . . ^ • %V^5* 
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Tlialer of Prussia and N. States of Germany $0*69. 
Florin of Austrian Empire and City of 

Augsburg . . $0*48^. 

lira Lombardo-Venetian Kingdom and of 

Tuscany . . . . ... . . . . $016. 

Ducat of Naples fO-80. 

Ounce of Sicily 92-40. 

Pound of British Provinces, Noya Scotia, New 

Brunswick, Newfoundland, and Canada . S^OO. 

Rix-dpllar of Bremen $0-71*^. 

Thaler of Bremen . . . . . . . . . $0-71. 

Mil-reis of Madeira . ... . . . . $100. 

" of Azores ......... $0-83-J. 

Rupee of British India $0-44-Jt. 



RULE OP THREE. 

107. The quotient arising from dividing one quantity 
by another of the same kind or denomination, is called a 
ratio. 

Thus, the ratio of 

12 to 2=:V=6. 
12 to 3=V=4. 
12 to 4=-i^=3. 
12 to 6=V=2. 
12tol2=+f=l. 

Hence, we see that the ratio of two quantities showi 
how many tuDea greater the one i% ihwi the other* It ic 
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therefore evident, that there cannot exist a ratio between 
two quantities of dilTerent denominaticms. , There is no 
ratio between 12 feet and 3 pounds, for we cai^not saj 
how many times 12 feet is greater than 3 pounds, fiut 
there is a ratio between 12 feet and 3 fe^t, which is 

There is the same ratio between 12 pounds and 3 
pounds. The ratio is itself an abstract number ; it is not 
a denominate number. The ratio of 12 feet to 3 feet is 4 
units simply ; it is neither 4 feet nor 4 pounds, but simply 
4 times 1 ; showing that 12 feet is 4 times as great as 3 
feet. In this way we find 

The ratio of 10 yards to 5 yards r=:-V*^=2. 

" 8 inches to 4 inches =i f =2. 

" 7 ounces to 3 ounces = f =2-^. 

" 5 bushels to 2 bushels— -J =2+. 

« 7 rods to 4 rods = -J = 1-f . 

" 9 cords to 4 cords =± ^ =z2\, 

" 40 aeres to 18 acres =^=Jyi=:2f 

When the ratio of two quantities is the same as the 
ratio of two other quantities, the four quantities are in 
jMToportion. Thus, the ratio of 8 yards to 4 yards, is the 
•same ad the ratio of 12 dollars to 6 dollars ; therefore, 
i^ere is a proportion between 8 yards, 4 yards, 12 dollars, 
and 6 dollars. 

The usual method of denoting that four terms are in 
prstportion, is by means of points, or dots. Thus, the above 
proportion is written 

8 yards : 4 yards : : 12 dollars : 6 dollars ; 
In which two dots are p\ac«\\MX^«exv\}ti^^%\.^T^^<QjQAnd 



1 



r 
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UnmBy and between the third and fourth ; and four dots 
betweesn the second and third. The proportion is read 
8 yards is to 4 yards as 12 dollars is to 6 dollars. 

Of these four terms, the first and fourth are called ea- 
tnmes; the second and third are called meant. 

Since iti a proportion the c[uotient of the first term divided 
by the second, is equal to the quotient of the third term 
divided by the fourtli, we have, using the above proportion, 

8 yardfl _ 12 dollars ) :^wkid,».MiH«»»m>.i-iy i^_^iB 
4 yaidi . 64ollarff \ «p~*^ * . i 4 6 ' 

< (fwf^ reduce' these fractions to a common denominatori 
/ (A&T. 40,) they will become 

8x6 12x4 . .. ^ 

41^6'^ "6^' """' omittmg the com- 

mon denominator 4x6, which is in effect multiplying 

each fraction by 4x6, we have 8x6 or 48=12x4 or 

48 ; that is, the product of the extreme^ xs equal to the prO' 

duet of the means. 

. . 8x6=48 , .8x6=48 _ 
Agcun, =4, and =12. 

12 4 

Hence f if the product if the extrerhes he dinidedbjf either 

mean^ the quotient wiU be the other mean, 

. . 12x4 - , 12x4 _ 
Agam, =6, and. -=8. 

8 6 . 

Hence^'ff the product of the pneans he divided by either em- 
tremej the quotietu wiU be the other extreme. 

From the ahove properties, we see that if any three 
of the four terms which constitute a proportion are given, 
the remaining term can be found. 

108* The method of finding the fourth te^zi of a pro 
portion, when /Aree terms are. given, constitutes t!he Run 
air Tbrer. 
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Wliftt ii Uie qQytient arwog from dividing one number by another of the.faiiM-kiiid 
called 1 What is the ratio of 12 to 2 ? Of 12 to 3 1 Of 12 to 47 What does the 
ratio of two quantities show 1 Can a ratio exist between two quantities of different' 
denominations 1 b there a ratio betnyven 12 feet and 3 p<Hinda 1 Can the.ratio be a 
denominate number ? How are four quantities related when the ratio of the first te 
the second is the satne as the ratio of the third to the fourth t Which are called ex- 
tremes 1 Which are called means 1 To what 1* the product of Ihe extremee equal 1 
If the product of the extremes be divided by one of the means, what will the quotiem 
be 1 How many terms of a proportion must be known in order to find the others t 

1. Let US endeavor to find the value of 24 yards of cloth, 
on the supposition that 8 yards, are worth $12. 

It is obvious that the value sought must be as m^ny 
times greater than $12 as 24 yards is greatei* than 8 yards. 
Hence, there is the same ratio between $12 and the value 
sought J as there is between 8 3'^rds and 24 yards; Con* 
aequently, we have this proportion : 

8 yards : 24 yards : : $12 : value sought. 

Taking the product of the means, we have 24 x 12= 
288. This, divided by the first term, gives -^^=36 for 
the fourth term sought, which must be of the same kind as 
the third term ; therefore, $36 is the value o.f 24 yards. 

Note. — When we take the product of the means we do not mul- 
tiply the 24 yards by 12 dollars, but simply multiply 24, the number 
denoting he yards, by 12, the number denoting the dollars. The- pro- 
duct, 288, i$ neither yards nordotlars, but 288 units. When we divide 
this product by the first term of the proportion, we do not divide 
by 8 yards, but simply divide by 8, the number denoting the yards. 
The quotient, 36, gives the fourth lermi of the proportion ; and since 
the fourth term is of the Isame denominate value as the third term, 
our fourth tenn, or answer, must be 36 dollars. 

2. What M^ill 312 pounds of coflfee cost, if 25 pounds 
cost $3-25 % 

In this example, the ratio of 25 pounds to 312 pounds, 
18 the same as the ratio of $3-25 to the. number of dollars 
Bought Hence, 
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25 pounds : 312 pounds : : $3-25 : the answer. 

312 

650 
325 
975 



25)10l400(t40-66 
100 

140 
125 



150 
150 



Here we first multiply the means together ; we then 
divide the product by tjie first term. 

Since there is a ratio between the third and fourth terms, 
it follows that they must be of the same denominate value. 
Hence, of the three quantities given, we may always take 
for the ^hifd term of our proportion the quantity which is 
of the same kind as the answer required ; then, if the 
answer sought is to be greater than this third term, the 
second term must exceed the first ; but if the answer 
sought is to be less than this third term, then the second 
term must be less than the first. 

lOO* From what has been said and done, we deduce 
this first form for the 

RULE OP THREE. 

/. Form ^ proportion by placing for the third term, the 
quantity which is of the same kind as the answer sought; 
the two remaining quantities must he taken for the first and 
second terms, observing to take the larger of the two quantities 
^or the second term, when the answer sought is to exceed the 
third term; hut to take the smaller of t^e ttoo quantiCisc ^ 
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the second termy when the answer is to he less thitn the third 
term. 

11, Having written the three terms of the proportion^ or, 
as usually expressed^ having stated the question^ then multiply 
the second and third terms together j and divide the product 
by thejirst term. 

Note. — Since there is a ratio between the first and second temis^ 

*' they mast be reduced to.the same denominate value. Also, the 

third term must be reduced to its lowest denomination; then the 

quotient found by dividing the product of the means by the first 

term, will be of the same denomination as the third term. 

In itstiiif questions in the Rul« of Three, which quantity mutt be taken for dM 
^ird term 1 Of the -two' remaining qnantitiei, wbjeh ii to be taksfe' for thtf leooikl 
termi After the question is stated, how do you prrooeed to find the answer 1- Ii 
it ever necessary to ijlalce any reduction in the terms before maltiplying and dividiiigl 
What are these rednetiona 1 The answer when found, will be of the same Bams m 
which termi 

^ EXA]d»LE& 

1. What is the cost of 6 cords of wood, at $7 for 2 
coids? 

2 cords : 6 cords : : $7 : Ans. 

^ - ... . ; _6 /' : ; ■• 

, 2)42 

Ans. $21 

2. What will 9 pair of shoes cost, if 5 pair cost £2 
2s. 6d.? 

5 pair : 9 pair : : £12 2s, 6d. 
When reduced, 5 pair : 9 pair : : 510c/. 

9 

. ^ 5 )4590 

Ans, ^ V%d.c:r£.^ \Ra. 6i, 
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8. If there are 9 weeks in 63 days, bow maiiy' weeks 
are there in 365 days T 

63 dajs : 365 : : d^weeka 



9 



63)3285(52W=52i weeks. Ans. 
315 

135 
126 



9 

4. If a railndad car goes 17 miles in 45 minutes/how 

far will it go in 5 hours ? 

45 minutes : 5 hours : : 17 miles. 
or 45 " : 300 minutes : : 17 « 

17 

2100 
300 



45)5100(M3| miles. Ans. 
45 

60 ' 

45^ .:. 

150 
135 

16 ' / 

5. < If $100 will gain $7 in tme year, hour lohg will it 
vaquire to gain $1009 Ans. 14f yean. 

6. If 3 paces or common steps of a person is equal to 
2 yards, how many yards will 480 paces maket 

Ans. 320 yards. 

7. If 15 men can raise a wall of masonry 12 feet in <Hie 
week, how many wilt ' be neceraaiy to raise it 20 feet ia 
the same time? 4^j. 25 men. 

a 1/5 tons of coai^ of 2000 po\mda «^\^<ir^Vbsx^ 

18 



ilk 
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months 0^30 days <each, how much will be consumed in 
3 weeks, or 21 days? Ans, 1 ton, or 2000 pounds. 

9. If 94 bushels of wtieat make 2 barrels of flour, how 
many bushels will be required to make 13 barrels ? 

Ans. 61-J bushels. 

to. If a steamboat of 24!^ feet in length move 15 miles 
in one hour, how many seconds will it require to move its 
own length? Ans. 11 seconds. 

11. K a steamboat of 242 feet in length move 15 niles 
an hour, howjnany times its own length will it move in 
1 1 hours ? Ans. 3600 times. 

12. A reservoir has a pipe capable of discharging 30 
gallons in one minute, what time will be necessary to dis- 
charge 15 hogsheads? Ans. 31^ minutes. 

13. If a man can mow 9 acres of grass in 3| days of 
10 hours each, how long will it require for him to mow 
21 acres? Ans. 8^ days. 

14. If 100 pounds of galena, or lead ore, 3deld 83 pounds 
of pure metal, how much pure metal will 7 tons of galena 
produce, if we reckon 2240 pounds to the ton ? 

Ans. 1 30 14f pounds. 

15. If 12 barrels of flour are worth $54, what is the 

Talue of 42 barrels at the same mte? 

12 bafrek : 4d banels : : $54 

J12 

-108 ' 
216 



12)2268(189 dollars. Ans. 
12 

106 
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In this example, it is obvious that 2 times 12 barrels 

would be worth 2 times $54 ; 3 times 12 banels would be 

worth 3 times 954 ; 4 times 12 jK^rrels would be worth 4 

times $54. These ratios 2, 3, 4/ ipay be expressed by 

2x12 24 3x12 36 4x12 48 

= — , — ^ — = — f = — ; and m a 

12 12 12 12 12 12' 

similar manner, the ratio of 42 barrels to 12 barrels is \i. 

If we multiply $54 by this ratio, it ;will give the value 

of 42 banels. The operation may be expressed tnus: 

$54x-t#. We m^y now simplify this expression as by 

Art. 39. Thus, dividing the denominator 12, and the 

numerator 42, each by 6, the expression becomes 

7 

$54x-, or$54xl. 

Cancelling the denominator 2 against a^onesponding 

factor of the numerator 54 (z=:J^), we have 

27 7 

W X -, or $27 X 7=$189. Ans. 
t 

16. What will 84 bushels of apples cost, if 14 bushels 
are worth $6*75 ? 

The ratio of 84 bushels to 14 bushels is W^ Now, mul- 
tiplying $6*75 by this ratio, we have 

$6-75 XH 
Dividing 84 of numerator and 14 of the denominator 

each by 7, we obtain 

12 

$6-75x5^, or$6-7j5x-»f. 
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« 

Again, dmding 12 of numerator and 2 of denominator 
each bj 2, 

6 - ■ -I ■ • ■ .. 

$6-75i?Jot,$6-75x6=$4t)-50. Am. 

From these two examples, we see that the Rule of Three 
maj be giren in the following simple form: ? 

RULE OF THREE. 

Of the thM quanttitBS tMeh are gwen^ tme will always he 
of the same kind as the answer sought ; this quantity will be 
the third term. Then, if by the nature of the question^ the 
answer is required to he great^ than the third term, divide 
the greater of the two remaining quantities by the less, for a 
ft^ie f but ^the answer is required to}be less than the third 
term, then divide the less of the ttoo remaining quantities by 
the greater J for a ratio. Having obtained the ratio, multiply 
the third term by it, and it will give the answer in the same 
denomination as is the third term. 

Note. — Before obtaining the ratiOj by meains of the first two 
terms, we most reduce them to like denominations. 

17. If 200 sheep yield 650 pounds of wool, how many 
pounds will 825 sheep yield? 

In this example, the answer is required to be in pounds \ 
we therefore take 650 pounds for the third term. The 
ratio of 825 sheep to 200 sheep is fjf . Hence we have ' 

650/&.xtHv 
Cancelling, we have 
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33 



, 650^^. X — oiy 660Z6. X V. 

8 
AgaiiD, cancelling, we have 

825/6. X -=??^^^=268H». 4n5. 

4 

18. If i^ (^ a pound of sugar cost |^ of a smiling, how 
much will 1^ of a pound cost ? 

In lUiis example, our third term is f} of a shilling. And 
fince -A^ of a poimd is less than -(^, we must obtain ouf 
ratio by dividing ^ by fj, which gives Ax+f. Mul- 
tiplying the third term by this ratio, we have #f of a shil- 
lingxAx+f. To reduce this with the least labor, we 
must resort to the method of cancelling. Thus, cancel- 
ling the 23, which occurs in both numerator and denomi- 
nator, also 13 of the numerator against' a corresponding 
factor of the 26 of the denominator, our expression will be- 
come i of a ghilUng x -f- x iV= A of a shilling. 

Note. — ^TWs method of cancelling should be used ^hen the 
nature of the question will admit, sinee it will always simplify the 
operation 

19. If a tree 38 feet 9 inches in height, give a shadow of 
49 feet 2 inches, how high is that tree which, at the 
same time, casts a shadow of 71 feet 7 inches ? ' 

In this example, our third term is the height of the first 
tree, which is 38 feet 9 inches =38f feet=-^ feet: our 
ratio will be obtained by dividing 71 feet 7 inches =7 l-ft- 
feet =:W^ feet, by 49 feet 2 inches =49i feet =«fA feet: 
which thva becomes ^ff^ x ■%\j. M\\\V\p\y\iv^\Jsvft >^\t^\«^ 
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by this ratio, we have ^^ fee; x -W X -sir- Cancelling 6 
of the numerator against 6, a factor of the 12 of the de- 
nominator, also cancelling 5, a fac^pr of 155> of the nu- 
merator, against 5, a factor of 295 of thie denominator, we 
get V feet X ^^ x 6V=-^^i7f^=^56-Hi feet, for the answer. 

20. If 3jt pounds of coffee cost 2-J shillings, how much 
will 10-J- pounds cost ? . 

In this example, 2-}= -J shillings must be our third term; 
and since 10^=^^ pounds must cost more than 3-J=| 
pounds, we must divide V" ^J i ^^^ the ratio ; making it 
\>-X-?. Multiplying the- third termhj this ratio, we ob- 
tain i shillings x^xf] which, after cancelling, becomes 
•J- of a shilling xV^'V shillings =6 J shilLngs. 

21. Gave S72 for 11 barrels of fish. How much will 
88 barrels cost at the same rate? Ans. #576. 

22. If 43i pounds of cheese cost f 2-20, what will 216} 
pounds cost at the same rate? Ans, $11. 

23. If I pay $3 90 for sawing 7 cords of wood, how 
much ought I to give for sawing 23|- cords ? Ans. $13. 

24. If ^\ of a ship is worth $2853, what is the whole 
worth? 

The ratio of the whole ship, or |^^to i^, is ■^. Hence, 

$2^53 X Y=*951 X 10=$9510 Ans, 

25. If ^ of my income is $533, what is my whole 
income? Ans. $1732-25. 

26. A person failing in business, finds that he owes 
$7560, and that he only has $3100 to pay it with. How 
much can he pay to that creditor whose claim is $756 ? 

Ans, $310. 

27. If it require 5 J bushels of wheat to make one barrel ' 
of flour, how many bushels will it require for 100 barrels 

of flour t Aus. ^^Q W&hela. 



f 
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28. If 7 "barrels of flour are sufficient for a family 6 
months, how many barrels will tliey require for 11 
months ? , ^ ^ Ans. 12f barrels. 

29. If it take 25 yards of pa-rpeting, a yard wide, tb cover 
a certain floor, how many yards.of -J carpeting would be 
necessary to cover the same floor ? Ans. 33 J yards. 

30. If a person travel 8 miles in 10 hours, how far will 
he travel in 5 days, by traveling 8 hours each day ? 

Ans, 32 miles. 

31. If 35 pounds of feathers cost 915, what will 100 
pounds cost at the same rate ? Ans. $4285^, 

32. If a man perform ^ certain piece of work in 18 
days, when he works 8 hours per day, how many days 
will he require if he work 10 hours each day ? 

Ans. 14 days, 4 hours. 

33. If a piece of board 12 inches wide and 12 inches 
long make one square foot, how x^any inches of length 
must be taken from a board 15 inc^hes wide to make a 
square foot ? ' , Ans. 9-| inches. 

34. If 8 men can mow a field in 5 days, in how many 
days can 5 men do the. same ? Ans. S days. 

35. If 27| yards of cloth cost $60, how many yards 
can Ibuy fcT$100? . w4n«. 45f yards. 

36. If 27i yards of cloth cost $60^ what will 45|: yards 
cost? A71S. $100. 

37. If -J of a ship is worth $9000, what is her whole 
value? 

The whole ship being a unit, or 4, we have the ratio f; 
hence, the answer is $9000 x 4= $ 1 4400. 

38. If ^ of a city lot is sold for $500, what would ^ 
of the same lot sell for at the same rate ? Ans.$\ 166{. 

39. Admitting that the earth moves in its orbit about 
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the' sun, a distance of 597000000 miles, in 365 days 6 
hours, how far on an average does it move in each hour) 

" Anm 68104yff y miles. 

40.' The equat(mal portions, by the diurnal rotation of 
the earth, moves about 24900 miles each day ? How far 
is that in each hour? Ans. 1037| miles. 

41. If it require 10 years of 365^ days for light to pass 
from a fixed star to t)ie earth, how many miles distant is 
it, on the supposition that light moves 192000 joiiles in 
6ne second? Ans. 60590592000000 miles. 

42. If by a leak of a ship f enough water run in, in 4 
hours, to sink her, how long can she survive ? 

Ans. 6hr, 40m. 

43. If I pay $25 for the masonry of 4000 bricks, how 
mueh ought I to pay for the work which requires 100000 
bricks ? Ans. $625. 

44. If a steam-ship require 14 days to sail a distance 
of 3000 miles, what time, at the same mt^ of sailing, 
would she require to sail 24900 miles ? 

Ans. 116 days 4 1 hours. 

45. Admitting the diameter of the earth to be 8000 
miles, and the highest mountain to be 5 miles, wh^t ele- 
vation must be made on the globe of 16 inches diameter 
to represent accurately the height of such mountain ? 

Ans. xir o^ ^^ inch. 

46. If $100 in 12 months bring an interest of $7, how 
much will be the interest of $100 for 8 months ? 

r Ans. $4^66|. 

47. If the interest of $100 for 12 months is $7, what 
will be the interest of $75 for the same time ? 

Ans,$5'^B. 
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48. If in 12 months the interest of 9100 is $7, how 
long must $100 be on interest to gain $10 ? 

Ans. 17-f months. 

49. If a glacier of 60 miles in length move 50 inches 
pier annum, in what time will it move its whole length? 

Ans. 76032 years. 

50. If a staff of 10 feet in length give a shadow of 15 
feet, how high is tha^ tree whose shadow measures 90 
feet ? Ana. 60 feet. 

51. Suppose sound to move 1100 feet in a second; 
how many miles distant is a cloud, in which lightning is 
observed 16 seconds before the thunder is heard, no aUow* 
ance being made for the motion of light ? Ans. ^ miles. 

52. If it require 30 yards of carpeting which is f of a 
yard wide to cover a floor, how many yards of carpeting 
which is 1-J- yards Mdde will be necessary to cover the 
same floor? Ans. 18 yards. 

53. If the earth move through 12 signs, or 360° in 365^ 
days, how far will she move in a lunar month of 29}- days? 

Ans, 29-SV7' degrees, 

54. Suppose a steamboat capable of making 15 miles 
each hour, to move with a current whose velocity is 2\ 
miles per hour, what will be the whole distance made 
during 13^ hours ? And what distance will the boat 
move in the same time against the same current ? 

. C With the current, 236 J miles. 
"*' ^ Against the « 168f « 

55. If the magnetic influence move through the tele- 
graphic wires at the rate of 200000 miles in one second of 
time, how many tiihes could it pass around the worl4 in 
one second, allowing the circumference of the earth to be 
24899 miles ? Ans, ^T^Vk^i.\x!afia, 
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56. H A cah do a piece of work in 7 days, and B Can 
do if in 8 days, what part of it can both do in 3^' days ? 

Ans, ^ of it. 

57. A resenroir, whose capacity is 1000 hogsheads, has 
a supply pipe by means of which it receives 300 gallons 
each*hour; it also has two discharging pipes, the first of 
which discharges f of a gallon each minute, the second 
discharges \\ gallons per minute. The reservoir being 
empty, in what time will it be filled if the supply pipe 
alone is opened? In what time, if the supply pipe and 
the first discharging pipe are opened^ In what time, if 
the supply pipe and the second discharging pipe ? And 
in what time, if all three are opened? 

Supply pipe only opened, 2101iour8= 8 J days. 
« "and 1st dis. pipe, 252 « =10i « 
« « u 2d, " « 280 « =llf « 
« "1st and 2d « « 360 « =15 * 



Ans, 






^ COMPOUND PROPORTION. 

110. When the quantity required depends upon more 
than three terms, the operation of finding it is called the 
Rule of Compound Proportion, , *> 

Suppose we have the following example : 

If 6 men can mow 30 acres of grass in 5 days, by work- 
ing 8 hours each day, how many acres can 4 men mow 
in 9 days of 10 hours each ? 

Had the number of days, as well as hours in each day, 
been the same in both cases, ihe o^esuotv would have been 
equivalent to the follow'mg *. 
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11% men mow 30 acres of grass, how many acres will 
4 men mow ? * 

It is evident the number of acres sought would be the 
same fractional part of 30 acres that 4 men is of 6 men ; 
that is, the quantity required is 

f of 30 a,cres. 

If, now, we take into account the number of days, still 
supposing the number of hours in each day to remain the 
same in both cases, our question would become : 

If f of 30 acres can be mowed in 5 days, how much can 
be mowed in 9 days ? . , 

The answer in this case is obviously 

i of f^of 30 acres. 

Now, taking into account the number of hours each 
day, our question will become as follows : 

If f of f of 30 acres can be mowed in a certain time, 
when 8 hours are reckoned to each day, how much could 
be mowed when 10 hours are reckoned to each day? 

This leads to the following final result : 

•V- of f of t of 30 acres. 

By cancelling, we reduce this last expression to 45 acres. 
From the. above work we see that questions of Compound 
Proportion may be solved by the following 

RULE. 

Among the quantities giveriy there will he hut one like the 
answer, which one we will c(dl the odd quantity. The other 
quantities will appear in pairs or couplets. Form ratios out 
of each couplet in the same manner as in the Rule of Three*; 
then multiply all the ratios and the odd quantity, together^ 
and this will give the answer in the same denomination an 
the odd quantity. 
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NoTK.— Before forming ratios from the couplets^ tliey 4iBSt be 
ieda«ed to the same denominate value. 



BXAMFLE& 

1. If a person travel 300 miles in 17 days, traveling 
only 6 ]y>urs each day, how many miles could he have 
gone in 15 days, by traveling 10 hours each day? 

In this example, the answer is required in miles, there- 
fore our odd term is 300 miles ? 

The first couplet consists of days ; and since in 15 days, 
other things being the same, he could not travel as far as 
in 17 days, we must divide 15 by 17, which gives |^ for 
the first ratio. 

The second couplet consists of hours ; and since in 10 
hours he could travel farther than in 6 hours, we must 
divide 10 by 6, which gives -V^ for the second ratio. 

Multipljdng these tWo ratios and the odd term together, 
we get 300 miles x +f X-V"- Cancelling the 6 of the de- 
nominator against 6, a factor of 300 (=^^) of the numer- 
ator, we have 50 X-J-f X -4^=44 i^V tniles, for the answer. 

2. If a marble slab 10 feet long/3 feet wide,' and 3 
inches thick, weigh 400 pounds, what will be the weight 
of another slab, of the same marble, whose length is 8 
feet, width 4 feet, and thickness 5 inches 7 

In this example, the answer is required to be given in 
pounds ; therefore 400 pounds is the odd term. The first 
couplet consists of the lengths ; and since 8 feet in length 
will give less weight thati 10 feet, we must divide 8 by 
10, which gives -ft- for the first ratio. 

The second couplet consists of the widths ; and since i 
feet wide will give more weight than 3 feet, we must di- 
vide 4 by 3^ which gives \ iox \\v^ ftfec.otv^ x^xKa. 
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' lUeUhird couplet consists of thicknesses ; and since 5 
inches thick will give more weight than 3 inches, we must 
iivide.5 by 3, which givea f for^the third ratio. 

Multiplying the odd tenn and these ratios together, we 
get 400lbs.x-ft-xtxf. Cancelling the 10 of the denom- 
inator against a pax} of the 40D of the odd term i^merator, 
we get 401bs. XiXiXi=^*^^=7U+ pounds, for the an- 
swer. ' < 

3. 500 men, working 12 hours each day, have been em- 
ployed 57 days to dig a canal of 1800 yards long 7 yards 
wide, and 3 yards deep; how many days must 860 men, 
working 10 hours each day be emlpoyed in digging an- 
other canal of 2900 yards long, 12 yards wide, and 5 yards 
deep, in a soil which is ^ times as difficult to^eaccavate as 

the first ? 
In this eicample, the' odd term is 57 days. 

_ The different ratios will be as/foUowd: 
-|J^=f| ratio of the men. 
■ii=: i ratio of the hours. 
•ffH=ff ratio pf lengths of the oanals. 
J^=: ratio 6f widths of the canals. ' - 
•{■= ratio of depths of the canals. 
-f-:^ ratio of the difficulty in excavation. 
Multiplying suocessiv^ly these ratios c^ad thd odd ten% 
▼e have 

67 daysxftxixff xVxiXf. 
This becomes, after cancelling factors, 

19 days x-ftx4x-Vxfxix+=549AV days. 

4. 15 men, working 10 hours eaqh day, have employed 
18 days to build 450 yards of stone fence ; how many 
men^ working 12 hours each day, for 8 days, will be requi- 
site to build 480 yards of similar fence 1 Ans. ^Q xsl^^bu 

5. If it require 1200 yards of c\ol\i ^ -^vi^ \JCi cNa'OcA^^ 

/ 19 
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men, bow many yaids which is •( wide will it take to clothe 
960 men 9 An^. 3291f jaxds. 

6. If 8 men will mow 36 acres of grass in 9 dajs, by 
working 9 hoars each day, how many men wOl be re- 
quired to mow 48 acres in 12 days, by working 12 hours 
eachdagr? Ans.i5 men, 

7. If 1 1 men can cut 49 cords of wood m 7 days, when 
they work 14 hours per day, how many men will it take 
to cut 140 cords in 28 days, by working 10 hours each 
day ? Ans. 1 1 men. 

8. If 13 oiinises of wool make 2^ yards of cloth, that 
is 6 quarters wilde, how many poundSvof wool will it take 
for 150 yards of cloth, 4 quarters wid^ ? Ans. 30 pounds. 

'9. If the wages of 6 men for 14 days be 84 dollais, 
what will bo the wages of 9 men for 16 days? 

Ans, S144. 

to. If 100 men in 40 dajrs of 10 hours each,bu9da 
wall 30 feet long, 8 feet high, and 2 feet thick, how many 
men must be employed to build a wall 40 feet in length, 
6 feet high, and 4 feet thick, in 20 days, by working 8 
houiB each day T Ans, 500 men. 

11. In how many days, wdrking 9 hours a day, will 24 
men dig a trench 420 yards long, 5 yards wide, and 3 yards 
deei^ if 248 men, working H hours a day, in 5 days, dig a 
trench 230 yards long, 3 yards wide, and 2 yards deep? 

Ans, 288^^^ days. 

12. Suppose that 50 men, by working 5 hours each day, 
can dig, in 54 da3rs, 24 cellars, which, are each 36 feet 
long, 21 feet wide, and 10 feet deep, how many men would 
be required to dig, in 27 days, 18 cellars, which are each 
48 feet long, 28 feet wide, and 9 feet deep, provided they 

work orily^ hoais each d«j\ Asm. 200 men* 
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PRACTICE. 

111. PnACTEcs is a shoit method of finding the answer 
to' such questions in the Rul^ of Thre^ as have a unit for 
their first term. So named, because in the ordinaiy prac- 
tical business of tife very frequent use is made of it. 

As an example, suppose one bushel of apples to be 
irorth 50 celfits, what is the value of 18^ bushels % 

Had the apples been worth $1 per bushel, it is plain 
that 18i bushels would have been worth VlSi, that is, 
918*50. Now since 50 cents is just half of one dollar 
they must have becQ worth half of •18'50=99*25. 

In order to work bj this nile^ we must make use of 
aliquot parts. An aliquot part of any thing is an exact 
part. In the above example^ 50 cents is an aliquot part of 
• 1, since it is exactly half of 91. We will give some 
aliquot parts Which are in frequent use, in the following 

TABLE OF ALIQUOT PARTS. 



CU. • 


mo. 


yr. 


9. £ 


<f. 


«. 


50 = ^ 


6 


fl 


10 =1 


6 


= i 


334= J 


4 


=5 1 
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4 


= 1 


95 = J 


3 


= * 


5 «f 


3 
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3 


= 1 


4 «J 


2 


= i 


16i=* 


1 


= A 
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EXAMPLES. ^ 



1. What will 435 yards of cloth coilt, at Jja75 per yard t 
435 yards,,at 81 per yard zr (435.' 

435 yards, at 50 cents per yard=:^ of $435=217-50. 
435 yards, at 25 cents per yard=^ of $435=108-75. 
435 yards, at 75 cents per yard = $326-25. 

2. What cost 13i pomids of tea, blI 5s. 6d. per pound? 

13/&. at 5f. =65#.=£3 5^. 



l3/6.ftt6d. 
ilb: at 5^. 
ilb, at 6(2. 


oris. 


II H II 


6 
2 


ed, 

6 
3 








£3 Us. 3d, 



3. What cost 37il- dozen of eggs, at 1^. id. per dozen? 

37(2o;^.,at 1*. per (f(?j?.=37^.=£l 17^. 

S7doz. at id. oris. =121 = 12 ' id. 
l[doz. Bit Is. = 6 

jtdoz, at id. =z 2 

Ans. £2 lOy. 

4. If I receive 7 dollars for the use of 100 dollars for 
one year, how much ought I to receive for the use of 100 
dollars for 7 months, 18 days? 

1 year or 12 months gives $7 

b months equals -J- of a year, gives $3*50 
1 month equals f of 6 months, 58i- 

15 days wjuals i of 1 month, 29^- 

3 days equals i of 15 days, 5}. 

Ans. $4'43i 
6. Wliat cost 7ij^ cords of wood, at $2*75 per cord? 



1 
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6. What is the value of 28f pounds of butter, at 1 1 
cents per fK)und ? Ans. $3 1625. 

7. What is the value of 500J yards of tape, at 2-1- cents 
p^ryard? Ans, $11-26125. 

8. What must I give for 13f bushels of oats, at 2^. 4d. 
per bushel? Ans, Xl 12^. Id. 

9. What cost ISf pounds of ham at 8 cents per pound ? 

Ans. $1-50. 

10. What cost 15f gallons of oil, at $0-75 cents per 
gallon? Ans. $11-8125. 

11. What cost 4000 quills, at $2-25 per lOGO ? 

Ans. $9. 

12. What cost 27f yards of carpeting at 6s. 6d. per 
yard ? Ans. X9 0^. 4^^. 

13. What is the value of 25 bushels of potatoes, at 
$0-31-i- per bushel? ^n*. $7-8125. 

14. What is the value of 54 spelling-books, at 12-}- cents 
per copy ? Ans. $675. 

15. What is the value of 47^ re^ms of paper, at $3-25 
perreajn? Ans. $154-375. 

16. What is the value of 80-)- gross of almanacs, at 
$2-25 per gross ? ^1^6-. $68,625. 

17. What cost 16f gallons of vinegat, at \s. Ad. per 
gallon? Ans,i£2s.4d, 

18 What is the value of 5^ bushels pf walnuts, at Ss, 
6d. per bushel? Ans. £2 5s. 4rf. 

\9. What cost 3i gross of matches, at $1125 per 
gross? Ans. $3-9375. 

20. What cost 325 bushels of apples, at 37^ cents per 
bushel? Ans. $121-875. 

21. What cost 16i yards of cloth, at $3f per yard? 

Ans. ^CiV'^l^ 
19» 
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22. If the interest on a certain sum of money is $7*35 in 
one jcjftr, how much will it be for 5^ months 1 / 

Ans. $3'86f. 

23. If the interest of f 100 for one year is $6, how xyueh 
is it for 10 months and 10. days? Ans. $5'16f. 

24. If a steam locomotive pass 18 miles in one hour, how 
far will it move in QO^ minutes 9 Am. 15^. 

25. If the interest of $100 for 12 months is ^7, how 
much is it for 4^ months? Ans, 2*52-}^. 

26. What must I pay for 1-}- cords of wood, 128 feet in 
a cord, at 6^ cents per foot ? Ans, $10.00. 



PERCENTAGE. 



119» The term per cent, is an abbreviation of per 
eenium, which means by the hundred. 

Thus, 5 out of 100 is 5 per cent. 

6 out of 100 is 6 per cent. 

7 out of 100 is 7 per cent. 
And 80 for other rates per cent. 

Different rates per cent, are most convemently expressed 
by means of decimals. 

Thus, 1 per cent, is the same as 01. 

2 « " 0O2. 

3 « « 003. 

4 « « 004 
6 « « 0-05. 
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In mahj c^ses the rate per cent, is very concisely ex« 
piessed bj means of a vulgar fraction, a9 follows : 

1 per cent.=TlT- 10 per cent. =:tW==tV' 

2, « =T»Tr=-rV: 20 « =TWr=i. 

4 *• =Tfir=i;»r. 25 « =TVir=+. 

5 « =Tfr=iV. 50 « =t»iflr=i. 

Suj^XMe we wish 5 per cent, of $1122, we must take 

i4t o^ ^^i ^^^ ^ <^^^ ^y multiplying by the decimal 
006. 

OPERATIONp 
$1122. 

006. 

Ans. $56ia 
Heoce, to find the perpentage of any number, we have 
this 

9 

RULE. 

MuUi^y the given numher by the pereentt^e expressed in 
decimals^ and the product wiU give the percentage sought. 

From what bjMr «eiU. abbreviated t And what doee k mean 1 5 oat of 100 ii 
what per cent.) Ooot of 1001s what per eoot.1 7 oat of 100 b what per eent 1 
What i» the decimal exprenioo for 1 per cent, t What for S^ 3; 4,. kn^ par cant, t 
Repeat the Role for findiog the per eapt of a number. 



1. What is 4i per cent, of $10000 \ 

4 per cent, is 004. 
\ per cent, is 0*005. 

4^ per cent, is 0045. 
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OPERATION. 
$10000 

0045 ^ 

50000 
. 40000 

Ans. $ 450000 

2. What is 1 per c«nt. of $730 ? Ans, $7*30. 

8. What is 3 per cent, of 5789 pounds ? 

Ans. 173 67M. 

4. What is 4 per cent, of 365 bushels ? Ans. 14'66ii. 

5. What is 4} per cent, of $7503 ? Ans. $3-37635. 

6. What is 7 per cent, of 2345? Ans. 16415. 

7. What is 30 per cent, of $495? Ans. $148*50. 

8. A person laid out $222 as follows: he gave 21 per 
cent, of his money for calicoes; 15 per cent, for thread; 
45 per cent, for silks ; and the remaining 19 per cent, for 
broadcloths. How many dollars did he expend for each? 

rHe gave for calicQes, $46*62. 
^^J « thread, 3330. 

'^ « silks, 99-90. 

« broadcloths, 4218. , 

9. A merchant having 500 barrels of flour, sold at one 
time 25 per cent, of it, at another time he sold 20 per cent. 
of the remainder. How many barrels did he sell at each 
time, and how many remain ? 

rThe first time he sold. 125 barrels. 

Ans.K The second time he sold 75 barrels. 

LHe has remaining . . 30t) barrels. 

10. A farmer raising 1097 bushels of Whe^t, gives 10 
per cent, of it for ihrasYiing, \^ ^^x c^t\\. ol \\\% \«tM5Mxd«t 
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for flounng. What per cent, of the whole will he have 
left? Ans. 81 per cent. 

11. A California miner having secured 15^ pdunds of 
gold dust, finds it to lose 5 per cent, in refining ; he then 
gives 6 per cent, for coining. How much ought he to 
leceive after it is coined ? 

Ans. 13*8415 pounds=:13/^ lOog. Ipwt. 2S^gr. 

12. Suppose at each stroke of the piston of an air pump 
10 per cent, of the air in the receiver is exhausted, what 
per cent, of the air will remain after the Isf, 2d, 3d, and 
4th strokes, respectively ? 

After the 1st stroke 90 per Qent. 
. . « « 2d " 81 « « 
« « 3d « 72A ** " 
« " 4th « 65^« « 



SIMPLE INTEREST. 



1 IS. Interest u monej paid by the borrower to the 
lender, for the use of the money borrowed. 

it is estimated at a certain rate per cent, per annumf that 
is, a certain number of dollars for the use of (100, for one 
year. 

Thus, when 96 is paid for the use of $100, for one year 
the inteiest is said to be at 6 per cent. 

In the same manner when 95 is paid for the use of 
$100, for one year, the interest is said to be at 6 percent, ; 
And the same for other rates. 

7%0 mte per cent, is generally fixe&. Vf \vw« ^3^*^% 
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Now England States the legal rate is 6 per cent. ^ while in 
the State of New York it is 7 per cent. 

The sum of money borrowed, or upon which the inter- 
est is computed, is called the principal. 

The principal, with the interest added to it, is called the 

atnount. 

■% 

What is Intereitl How is it estimated 1 What is the rats per oaaL wheo i6 is 
paid for the use of $100 for one yearl What is the rate per cent, when $5 is in the 
•ane way paid 1 Is the rate per cent, generally fixed by law 1 Wliat it the legal mte 
per cent in the I«ew Eoglaod States 1 What is it in the State of New York 1 W»^ 
is the principal 1 What it the amount ? 

CASE L 

To find the interest on any given principal, for any 
nrhole number of years, at any given rate per cent. 

Suppose we wish the interest of $365*50 for 3 years, at 
7 per cent. 

By the definition of interest money, it follows that the 
interest of $365*50 for one year, at 7 per cent., is 7 per 
cent, of $365*50 ; which by rule under Art. llSt, we 
obtain, by multiplying $365*50 by 007. Performing the 
multiplication, we hav^ $365*50x007 =$25*585 forgone 
year's interest, which, multiplied by B, the number of 
years, will give us $76*755 for the interest of $365-50 for 
3 years at 7 per cent. 

Hence the following 

RULE. 

Multiply the principal by the rate per cent.j expresstd w 
dedmahj and that product by the' number of years ; observing 
the usual rule for pointing off th« decimal fg^f^s. 
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EXABfFLES. 

1. What k the interest of $57315 for 5 jears at 6 per 
eent-t . 

OPERATION. 

$573*15= the principal 
OOG ssrate per cent. 

$34*3890 =:one year's ii^iest 
5=number of jears. 

Ans, $ 1 7 1 * 945 =::five years' interest. 

2. What is the interest of $600 for 4 years at 5 per 
cent? ^f». $120. 

3. What is the interest of $725 for 8 years at 4^ per 
cent.? ^n*. $261. 

4. What is the interest of $149 for 5 years at 2 per 
cent? Ans. $14 90. 

5. What is the interest of $225*25 for 10 years at 4 
percent? ^n*. $9010. 

6. What is the interest of $311*30 for 11 years at 10 
per cent ? Ans. $34243. 

7. What is the interest of $501-50 for 2 years at 3 j 
percent? ^nj. $35105. 

0A8E n. 

To And the interest on any given principal, for pmy 
given time, at any given rate per cept. 

Suppose we wish the interest of $126 for 3 years 5 
months and 15 days, at 7 per cent. 
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OPERATION. 

8126 

• 007 



$8-82 = 1 year's inteiest 
3 

$26-46 = 3yeaiB* « 

4 mos. =:i of a jx. 2*94 =4 months' " 

1 mo =:iof4inos. 735 = 1 « « 

15 dys.z=zi of I m o. 3675 =r 15 days' « . 

Ans. $30-5025 = 3 yrs. 3 mos; and 15 days' jut 

Hence the following 

RULE. 

Multiply the principal by the rate per cent, expressed in 
decimals ; the product wpUgive one yearns interest^ whiehy mul' 
tiplied by the number of year Sy will give the interest for ik» 
ti'iae expressed in years. Then find the interest f^ the 
months and days by means of aliquot parts^ as in Practice^ 

EXAMPLES. 

1. What is the interest of $39:42 for 1 year, 5 .montbfl^ 
and 1 1 days, at 7 per cent. ? 

OPERATION. 

$39-42 
007 

. . 2-7594= t year's interest 

• 4months=s: \ of a year 920 =: 4 months' « 

1 month = J of 4 months 230 = 1 month's « 

10 days = ^ of 1 month 77 =10 days' « 

/ day =:^ of 10 days E m V dsLy'a « 

l^^-^^ Ans, 
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NoTB.— We kave not extended oar work* to more than three 
places of decimals, but have added 1 4o the third pUce wheneyer 
ihe Iborth decimal figure would be 5 or greater. 

2. What is the interest of •47-13 lor 7 mont^ and 21 
dajs, at 7 per cent.? Ans. 2*118. 

3. What is the interest of $321*21 for 3 months and 
15 days, at 6 per cent. ? Ans. C^'621. 

4. What is the interest of $270 for 2 months and 8 
days, at 7 per cent. ? Ans. $3-57. 

5. What is the interest of $40444 for 1 year. 5 months 
and 4 days, at 7 per cent. ? Ans. $40*422. 

6. What is the interest of $99*99 for 1 1 months and 
29 days, at 5 per cent. ? ' > Ans. $4*986. 

7. What is the interest of $37*50 for 6 months and 10 
days, at 6^ per cent. 7 Ans. $1*287. 

8. What is the interest of $49*49 for 8 months and 8 
days, at 7 per cent. ? Ans. $2*386. 

CASE m. ^ 

To find the interest on any g^ven principal for any 
given time at 6 per cent. ? 

The interest on $100 for one year, at 6 per cent., being 
$6, it follows that the interest on $1, for one year, is 
$0 Od; and since 2 months is -A^=i> of a year, the inter* 
est on $1, for two months, is $0*01 ; again, since 6 days 
is A^iV ^^ ^ months, when ire reckon 30 days to each 
month, it follows that the interest on $1^ for6 days, is 
$0*001. Hence, if toe edLl half the immber 4f months, cents^ 
and of^sisth the number of day s^ xniLS, we shall obtain the 
interest of^X for the given time,, at 6 per cent. 

ThA interest of $i hieing multiplied hjr the number of 
doUam in the ^iven principal, w'\\\ oWtww^^ ^V4^ ^^w^'wjl 

20 
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/ 

terest sought. As an example, supposja we wish %hM 
interest of (125 for 1 year, 5 months and 18 dajni, €^ € 
per cent. 

^0085 ==int. of 9 1 for 1 J. 5 m. =s 1 7 months. 
3= « ** " 18 days. 



I088=:int. of $1 for 1 y. 5 m. and 18 days. 

If now we multiply fO-088 by 125, the number of dol- 
lars in the principal ; or, which is the same thing, if we 
muhiply f 125 by 0-088, we shall find f 125 x'0088=|lll, 
for the interest sought. 

Hence we have this 

RULE. ^ . 

7. Call half the number of months^ cents ; one-sixth th$ 
number ofdaysj mills ; and the result will be the interest of 
%l for the given time. 

II. Multiply the interest of9\, thus founds by the nanSbet 
of dollars in the given prineipalj and the product being 
pointed off by the rule for decimals, wUl give the interest re- 
quired. 

EXAMPLES. 

1. What is the interest of $49*37, for 18 montbi and 15 
days, at 6 per cent. ? . 

In this example, we fihd tbeinietest on $1, for 13 mcmths 
aiid 15 days, at 6 per cent, to be 90'Q$75, which, multi* 
plied by 4&'37, the number of dollars in the principal, gi?«s 
$3-332475, for the interest on $49*37, for the given time. 

2. What is the interest of $608-62, for 1 year and 9 
months, at 6 per cent. ? Ans. $63-9051. 

3. Whnt is the interest of $341-13, for 7 years and 9 
^ days, at 6 per cent t ^ Aiw, %\ Wl^^^^, 
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4. What is the interest of $100, for 16 years and 8 
OKHiths, at 6 per cent J Ans, $100. 

5. What is the interest of $59 1 *03, for 4 years, 3 months 
and 7 dap. at 6 per cent. ? Ans, $151 402185. 

6. What is the interest of $0-134, for 4 months and 3 
''daySj at 6 per cent. ? Ans. $0^02747. 

7. What is the interest of $7*50, for 7 ihonths, at 6 per 
cent. 9 Ans. $0*2625. 

8. What is the inteiest of $371 '01, for 4 years and 15 
days, at 6 per cent. ? Ans. $89-969925. 

9. What is the interest of $57*92, for 3 years, 7 months 
and 9 days, at 6 per cent. ? Ans, $12*53968. 

10. What is the interest of $329, for 5 years and 13 
days, at 6 per cent. ? An^. $99 412f. 

11. What is the interest of $47*39^ for 1 year and 7 
months, at 6 per cent. % Ans. $4*50205. 

CASE IV. 

To find the interest on any given principal^ for any given 
time, at any given rate per cent 

Interest at 6 per cent, increased by •}• of itself will ob- 
▼Knisly givo the interest at 7 per cent. The interest at 6 
per cent, increased by i* of itself will, give the interest at 
8 per cent If we diminish the interest at 6 per cent by 
-i>of itself, w6 shall oblamtho interest at 5 percent And 
m all cases, by increai^ing or decreasing the interest at 6 
spex cent., in the proper ratio^ we may obtain the interest 
at any (Hher desired rate. 

As an examfde, suppose we wish the interest of $300 
for 1 yearj 3 m(mths, and 12 days, at 4j[ per cent 

'■ By Case III. we readily find the interest of $300 for 1 
year, 3 months and 12 days, at 6 per cent.^ tA ha %2&' V<V . 
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But tbe interest is requited at 4^ per cent instead of at 
6 per cent. If -J- of 6 be taken from 6, the remainder inll 
be 4i ; hence, if -}■ of $23*10, the Miterest at 6 per cem., he 
taken froqi $^23' 10, the remainder will be the interest at 
4^ per cent.. Performing this operation, we have $2310 
-i Qf 92310=$ 17.325 for the interest of $300 for i 
yedr, 3 months and 12 days, at 4)- per cent. 

Hence, we have this 

RtJL*. . 

Find the interest on the given principal, for the g^^ven time^ 
at 6 per tent. ^ by Case III. Then increase, or decrettse^ this 
interest by the same part of itself as it would be necessary 
to increase^ or decredse 6 per cent.y in order to make it agree 
vdth the given rate per pent. 

EXAHPLES. 

1. What is the interest of $19-41, for 1 year, 7 months 
and 13 days, at 7 per cent. ? 

In this example, we find hy Case III. that the interest 
of 919*41, for 1 year, 7 months and 13 days, at 6 per cant, 
k $1*886005. Since 6, increased by its sixth pait,>e<tual8 
7i it wiU be necessary ic inciease the interest jusi ibttnd 
. ford per cent, by its sixth pa«i, iRFbich beoewies i2'200399f , 
for the interest at 7 per cen% 

2. What is the interest of $^0, for 3 yean and 6 
monlhs, at 5 per cent 9 , Ans.^^75. 

In 4hi8 exao^le, ii was aeeestary ta dacreaflie^ the iat«r* 
est of 6 per 9ent, by its sixth part 

3. What istthe ioteiest of $5'37:,.fof.4yean and 12 
days, at 8 per cejit 1 i4n«. $1-7^272. i 

In this exan^ile, w« ipciettse tli«;inteie8t at,6 per eent« 
J^jrito third part 
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4. What is the interest of $4070, for 3 months, at 9 
percent? -4n^. $91*575. 

5. What is the interest of 93671, for 6 months, at 10 
percent.? Ans,9^8S55. 

6. What is the interest of $492005, for 3 months, at 4 
per cent ? Ans, t49-2005. 

7. What is the interest of $40*17, for 3 months and 18 
days, at 3 per cent. ? Ans. $0*36153. 

8. What is the interest of $37-13, for 5 months and 12 
days, at Ajt per cent. ? Ans. $0*7518825. 

9. What is the interest of $489, for 3 years and 4 
nuHiths, at $^ per cent. ? Ans, $89*65. 

10. What^'is the interest of $700, for 1 year and 9 
months, at V per cent. ? Ans. $85*75. 

Note. — When the principal is given in English money, we must 
ledace the shillings, pence and farthings^ to the decimal of a ^ ; 
and then proceed as in Federal money. 

• 11. What is the interest of i^75 13^. 6(2., for 3 years and 

5 months, at 6 per cent. ? 

In this example, 13^. 6(2., reduced to the decimal of a 
£, is 0-675, so that bur principal is jC75'675 ; the interest 
on J^l, fcH 3 years and 5 months, at 6 per cent., is i;0*205, 
which, multiplied by 75*675, gives i:i5*513375=£15 10^. 
3iVir<2.; for the interest required. (See Akt. 99.) 

12. What is the interest oi £li 5s. 3^., for 4 years 6 
months and 14 days, at 7 per cent.? 

Ans. £4 10*. 7-^^. nearly. 

13. What is the interest of dCl 7^. 6(2., for 2 years and 

6 months, ti 4J per cent. ? Ans. £0 3jp. l^d, 

-M. What is the interest of i:i05 IOj. 6<f., for 9^ 

naonths, at 5 per cent. ? Ans. £^ ^s.^4» V^'^at. 

20* 
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miEKEST WHEN THE TIME IS ESTIMATED IN DAYS. 

114k Thus far, we have considered the tidie, for which 
interest is to be computed, as estimated in months and 
days, counting a month as iV <>^ & J^^^y &°<^ ^ ^&7 ^ 'H 
of a month, or T^-g- of a year. 

Now, as some months have 31 days, and others less 
than 3], we, by the previous methods, obtain sometimes 
too much interest, and sometimes too little, but the error 
must always be small. 

We will, under this 'Article, explain the more accurate 
method by means of days, which is sometimes called the 
Commereial Method. • 

^ Suppose we wish the interest of $500 from May 15th 
to November 20th, at 7 per cent. 

By Case I., Art. 118, we find $500x0-07 =$35 for 
one year's interest of $500, at 7 per cent. By Table 
under Art. 76, we find 189 days from May 15th to 
November 20th. 

It is obvious that the interest for 189 days must be the 
same fractional part of one year's interest, that 189 days 
is of 365 days. Hence, $35 xiif =^^^i^=$18123+ 
for the interest of $500 from May 15th to November 20th| 
at 7 per cent. 

Hence this 

RULE. 

MuUiply the ffrineipal by the reUe' per cent expressed in 
decimals ; the product will he one yearns interest} which nml ] 
tiply by the time expressed in daySy and divide this last pnh 
duct by 365, and the quotient vn\l be tV V^^«^r^^ %«\l^U. 
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9 

EXABIPL£8. 

1. A note of $37-37 was given May 3, 1848 ; hov much 
was due on it Dec. 27, 1848, at 7 per cent. ? 

By the table under Art. T6, we find 238 days from 
May 3 to Dec. 27. 

OPERATION. 

^37*37=principal. 
0-07:=:rate per cent. 

$2-6159=one year's interest. 
238= time in days. 

209272 
78477 
52318 . 



365)622*5842(1705=:interest sought in dollan 
365 37-37 =principal. 

2575 $39075=anK)unt. Ans. 
2555 

2084 
1825 

« I II I ■ 

259 

2. A note of $365 was given July 4, 1847 ; what will it 
amount to, June 1, 1849, interest being 7 per cent. ? 

Ans. •418.70. 

3. What is the interest on $100 from January 13th to 
November 15, it being Leap-<year, and interest being 6 
percent.? -4nj. $5047. 

4. What is the interest on $216 from March 10th to 
December 1st, interest being 5 per cent. ? Ans. $7*871. 

5. What is the interest on $107 from April 12th to 
JuJjr 4th, interest being 7 per cent. % Aiw. %V1^\, 
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6. What is the interest oh $1000 from June 20th to 
August 13th, interest being 7 per cent.? 'Ans, 910*356. 

7. What is the interest on $730 from July 4th to 
December 25thy imprest being 6 per cent.? Ansi $20-88. 

8. What is the interest on $6337 from August 9th to 
December 3 1st, interest being 7 per cent,? Ans. $1*75. 



/ 



PARTIAL PAYMENTS. 

lis* When notes, bonds, or obligati<Mis receive par- 
tial payments, or indorsements,* the rule adopted by the 
Supreme Court of the United States is as follows: 

RULE. 

** The rule fo^ casting interest^ when partial payments 
have been made^ is to apply the payment y in the first place^ to 
the discharge of the interest then due. If the payment ex- 
ceed the interest, the surplus goes towards discharging th$ 
principal, and the subsequent interest is to be computed on 
the balance of principal remaining due. If the payment be 
less than the interest, the surplus of interest must not be 
taken to augment the principal ; but interest continues on the 
former principal until the period when the payments taken 
together exceed the interest due, and then the surplus is to 
be applied towards discharging the principal ; and interest 
is to be computed on the balance, as afnresaid.*^ 

The above rule has been adopted by New York, Masseh 



* From a Latin pbnue, in datsoy meaning "apon the bikck;" tocaaie the pay 
wata are wxitXen aeroM the btek of IYm ik<Aft4 ' 
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ekusetts, and by nearly all the other states of the Union. 
The following is the 

CONNECTICUT RULE. 

" Compute the interest on the principal to the time of the 
first payment ; if that he one year or more from the time the 
interest commenced, add it to the principal^ and deduct the 
payment from the sum total. If there he after payments 
made, compute the interest on the halance due to the next 
payment, and then deduct the payment as ahove ; and 
in like manner^ from one payment to another, till all the 
payments are <ihsofhed ; provided the time between one pay- 
ment and another he one year or more. But if any pay- 
ments he made before one year*s interest hdth accrued^ then 
compute the interest on the principal sum due on the obliga- 
tion, for one year, add it to the principal, and compute the 
interest on the sum paid^from the time it was paid up to the 
end of the pear ; add it to the sum paid, and deduct that 
sum from the principal and interest added as abov^. 

If any payments he made of a less sum than the interest 
arisen at the time of such payment, no interest is to be conh 
putedy hut enly on the principal sum for any period^ 

EXAMPLES. 

$620. ' UticA, Nov. 1, 1837. 

1. For value received, I promise to pay Thomas Jones, 
or order, the sum of six hundred and twenty dollars, on 
demand, with interest. Chabx^s Bank. 

The following indorsements were made on this note: 

1838, Oct. 6, there was indorsed. . . ^6107. 

1839, March 4, " " «. . ... 8903. 

1839, Dec. 11, « « " . . . .10777. 

1840, July 20^ " « « . . 2QQ-5Q. 
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What was the balance due, Oct. 15, 1840, atkywing 7 
per cent, interest, according to the U. S. rule ? 

The pupil will find it convenient to arrange the work 
for finding the multipliers at 6 per cent as follows : 

year. mo. da. 



Date of note 1837 


10 1 


mo. da. 


multipliers att 


Ist indorsement 1838 


9 6 


11 6 


0055f. 


2d indorsement 1839 


2 4 


4 28 


0;024i 


3d indorsement 1839 


11 11 


9 7 


004'6i. 


4th indorsement 1840 


6 20 


7 9 


00365. 


Date of settlement 1840 


9 15 


2 25 


014f. 



35 14 Ol77f 

Having found the different intervals of time, we then 
find the multiplien at 6 per cent, by Case III. Art. 11S« 

As a check upon our work, we add all the different in- 
tervals of time together, and find it makes 35 months and 
14 days. We also add all the maltiphers, and obtaic 
0177i. 

Now, subtracting the time the note was given iirom the 
time of settlement, we also obtain 35 months and 14 
days, which time gives 0'177-i- for multiplier. 

It would be well in all cases where interest is to be cast 
on a note of i;nany indorsements, to follow the above 
method of operation; since, by proceeding with systematic 
order, there is Ijbss chance for committing errors. 

If we wish to have the result true to a cent, we must 
carry our work to three decimal places, or to mills. 

In the following operation we extend the work to three 

decimal places; sirhfen the value beyond the third place 

is one half or more, we add a unit to the decimal in the. 

third place, but when that value is less than one half, w« 

Degleci it. 
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Having found the muU^ierSf we continue the work as 
follows: 
The amount of note, or principal, is . . . 9620000 
Interest on the same, up to Oct. 6, 1838, is . 40*386 

Amount due on note, Oct. 6, 1838, is . . . 660-3^6 
The first indorsement is . ....... 61070 

509-316 

Interest firom Oct. 6, 1838, to March 4, 1839. is 17*247 

♦ . ' .. ' . 

Amount due March 4, 1839, is .... . 616-563 
The sec<md indorsement is ....... . 89-030 

527-533 
Interest from March 4, 1839, to Dec. 11, 1839, is 28-414 

555-947 
The third indorsement is ..... . . 107*770 

448-177 
Interest from Dec. 1 1, 1839, to July 20, 1840, is 19-085 

467-262 
The fourth indorsement is . . ... . . 200-500 

266-762 
Interest firom July 20, 1840, to Oct 15, 1840, is 4-409 

Am, 271171 

•350. Utica, May 1, 1836. 

2. For value received, I promise to pay Isaac Clark, or 
Older, three hundred and fifty dollars, with interest, at 6 
per cent. N. Bkown. 

Indorsements were made on this note as follows : 
Dec. 25, 1836, there was paid .... t|50. 
June 30, 1837, « « «.*..... 5. 

Aug. 22, 1838, « « « 15. 

June ^1839, « « « . . . • • IW. 



« 



* 
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How much was due April 5, 1840, if intcrcBt.is tjom- 
puted according to the U. S. rul^ ? 

year. mo. da. muUiplien 

Date of note 1836 4 1 mo. da, atdperuiU. 

1st indorsement 1836 11 25 7 24 039. 

2d indorsement ]837 5 30 yr. 6 5 0030^ 

3d indorsement 1838 7 22 1 1 22 0068 f. 

4th indorsement 1839 5 4 9 12 0*047. 

Date of settlement 1840 3,5 10 1 0050^. 

3 11 4 0-235f 

The amount of the note, or principal, is . • $350000 
Interest up to Dec. 25, 1836, is . . . . .13-650 

363-650 
The first indorsement is . . . . . . . . 50 000 

31d-6&0 
Interest up to June 4, 1839, is . .... .45-950 

359-600 

Indorsement, June 30, 1837, which is ) ^^ 

less than the interest then due, ^ 
Indorsement, Aug. 22^ 18B8, ... 15 

This sum is still less than the interest ) q(\ 



rest ^ 



now due, ....... 

Indorsement, June 4, 1B39, . , . . 100 

$120-000 

This sum exceeds the interest now due. 

239600 

Interest up to April 5, 1840, is 12020 

Amount due April 5, 1840, .... iin^. $251*620 

How much would have been due, had we computed 
mterest according to th^ Cq^qh^cucaiX B.\v\a1 
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Note. — ^We will, here, indicate the steps of the process nndet 
the Connecticut Rule. First, find the amount of the principal sum 
for one year; that is, to May 1, lS37. Then find the amount of 
the first payment to the same date. Deduct the latter amount from 
the former. . Next, find the amount of the new principal thus ob- 
tainel for another year, that is, to May 1, 1^; then find the 
amount of the second payment to the same time, and deduct as 
before, and so on. Ans. $252*13. 

• 108tW. Utioa, Dec. 9, 1835. 

3. For value received, 1 promise to pay Peter Smith, o« 
order, one hundred and eight dollars and forty-three cents, 
on demand, with interest, at 7 per cent 

JOHK BaVXAXX. 

Indorsements were made as follows : 

March 3, 1836, there was indorsed / 950*04. 
Dec. 10, 1836, « « «... 1319. 
May 1, 1838, "^ « «. . . . 6011. 

How much remained due, according to the U. S. rule, 
Oct. 9, 1840? Ahs, •6-844. 

How much according to the Connecticut Rule % 

NriTE. — After several steps, there will be a new principal, Dec. 
9, 1838. The interest is to be computed upon this, not for one 3cear| 
since there is no indorsement within the year, but up to the time of 
settlement Ans, 95-80. ' 

•l^a^ftr. U-ncAi August 1, 1837. 

4. For value received, I promise to pay D. Budlong, or 
bearer, one hundred and forty-three dollars and fifty cents, 
on demand, with interest. . ■ ■ < W. Gould. 

Dec. 17, 1837, there was intoned . . $37.40. 
July 1, 1838, « « « . • . . 7-09. 
Dec. 22, 1839, « « " • . . 13*13. 
Sept 9, J840, « « « \ . . , ^^*^^, 

21 
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How much remains due, according to each rule, Dee. 
28, 1840, the interest being 7 per cent. ? 

Am. U. S. rule, $60,866. 

Note. — ^Alter a few steps we shall find a new principal, Aug. 1, 
1838. We compute the interest on this up to Dec^ 33, 1839, as 
there is no payment within a year. From the amount deduct the 
# payment made Dec. 33, 1839. We have, then, another new prin- 
cipal, the interest on Which is to be computed for one year, that is, 
to Dec 32, 1840, and added; we find also the amount of the last 
payment to that date; deduct and find amount of the balance, 
Dec. 38, 1840. Ai^. Conn, rule, 060*73. 

5. A note t>f $486 is dated Sept. 7, 1831, on which, 

March 2^, 1832, there was paid . . . $125. 
Nov. 29, 1832, « " « . , , \ 150. 
May 13, 1833, « "^ « .... 120. 

What was the balance due, according to each rule, 
April 19, 1834, the interest being 7 per cent. ? 

^^ ( U. S. rule $U4.-404 
^ (Conn. « 143-55. 

J 16. The principal, the rate per cent., the time and 
the interest, are so related to each other, that anj three of 
them being given, the remaining one can be found. 

PKQBLEX L 

Given the principal, the rate per cent., and the time, to 
find the interest. The rule for this problem has already 
been given under Case lU, Art. 113 ; it is equivalent to 
the following 
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RULE. 

Multiply the interest of$\, for the given time andgivem 
rate per eenty by the number of dollars in the principal, 

FROBLEM n. 

Given the tim^, the rate per cent., and the interest, to 
find the principal. It is obvious that the interest on a 
given sum is as many times greater than the interest on 
$1, as the given sum is times greater than $1. Hence, 
we have the folbwing 

HULE. • • 

Divide the given interest by the interest of 91^ for the 
given timey and given rate per cent. 

EXAMPLES. 

1. The interest on a certain principal, for 9 months and 
10 days, at 4^ per cent., is $101605. What was the 
principal? ^ 

In this example, we find the interest of 91, for 9 months 
and 10 days, at 4^ per cent., to be 90035; therefore, 
9 10 1605, divided by $aoa5, gives 2903, for the number 
of dollars in the principal required. 

2. What principal will, in 1 year, 7 months, and 15 
days, at 6 per cent., give $9*75 interest ? Ans. 4^100. 

3. What principal will, in 7 years and 9 days, at 6 per 
cent., give 916*86 interest? Ans. 940. 

4. What principal will, in 3 years and 6 months.^ at 5 
per cmt., give $92-75 intereal'l Ax^. ^^^^^^ 
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. 5. Wnat principal will, in 3 months and 9 days, at 8 
per cent, give $90 interest? Ans, •4090-909 



PROBLEM m. 

Given the principal, the time, and the interest, to find 
the rate per cent. 

If the rate per cent, be doubled, other things being the 
same, the interest will be doubled ; if the rate per cent, is 
tripled, the interest will be tripled. And, in all cases, the 
interest at anj particular rate per cent, is as many times 
greater than the interest at 1 per cent, as the given rate 
per cent, is timed greater than I per cent. Hence, we 
have this m ■ ^ 

RULE. 

Divide the given interest by the interest of the given pnnr* 
eipoL^far the\ given time^ at 1 per cent, 

EXAMPLES. 

1. The interest of $100, for 9 months and lO (}ajB, m 
^3 50. What is the ^ate per cent. 1 

In this examine, ^e find the interest of $100, for 9 
months and 10 days, at 6 per cent., to be $4 66|. The 
interest at 1 per cent, is $0-77 f;^ therefore, dividing $3-$0 
by $0'77i, we obtain 4^ for the rate per cent, required. 

2. At what rate per cent, will $530, in 3 years and 6 
months, give $92*75 interest ? Ans, 5 per cent 

3. At what rate per cent vill $19*41, in 1 year, 7 
^mamtbBf mi 13 days, give ft^*200339i interest ? 
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4. At what rate per cent, will 95 37^ in 4 years and 12 
days, give $ 1 73272 interest 1 Ans. 8 per cent 

'5. At what rate per cent, will $4070, in 3 months, give 
$91*575 interest? Ans. 9 per cent. 

FROBLEM lY. 

Given the principal, the rate per cent, and the interest, 
to find the timte. 

If the time for which interest is computed be doubled, 
other things being the same, the interest will be doubled ; 
if the time is tripled, the interest will be tripled. And in 
all cases, the interest for any particular time is as many 
times greater than the interest for pne year, as the par- 
ticular time is greater than 1 year. Henc«, we have this 

RULE. 



• ^ 



Divide the given interest by the interest of the given prin- 
eipaljfor 1 year, at the given rate per cent. 

EXAMP;.ES. 

1. In what time will $3713. at 4J per cent, give 
$0-7518825 interest? 

In this example, we find the interest of $37 13, for 1 
year, at 4 J per cent., to be $1-67085; therefore, dividing 
$0-7518825 by $1-67085, we get 0-45 years ; this reduced 
to months and days, gives 5 months and 12 days. 

2. In what time will $700, at 7 per cent., give $85*75 
interest ? Ans. 1 year, 9 months. 

3. In what time wjll $100, at 6 per cent, give $100 
interest ? That is, in what time will a given principal 
double itself at 6 per cent. inlet^itsXl A-ua. \fi\^^'wsu 
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4. In what time will a given principal double itself at 
7 per cent. ? Ans, 14^ years. 

5. In what time will a given principal double itself at 8 
percent.? iliw. 12^ years. 

6. In what time will a given principal double itself at 5 
per cent. ? Arts. 20 years. 

7. In what time will a giv^n principal double itself at 
4^ per cent. ? Ans. 22f years. 

The following table gives the time reqmred for a given 
principal to dpuble itself at simple interest at vanous rates 
per cent. 



Ptr 9HiU 


TMua. 


Pttcent. 


Yefim. 


Pweaot. 


YMn. 


I 


100 


4 


25 


7 


14f 


li 


66| 


4i 


23} 


74 


184 


3 


50 


5 


20 


8 


184 


3* 


• 40 


H 


18^ 


8i 


uH 


3 


33J. 


6 


16| • 


• 


U4 


3i 1 


28? 


6i 


ISA 


94 


lots 



DISCOUNT. 

117* Discount is an allowance made for the payment 
of money before it is due. 

The present worth of a debt payable at some future time, 
without interest, is such a sum of money as will, if put at 
interest for the given time, amount to the debt. 

When the interest is at 6 per cent., the amount of $1, 
for one year, is $106; therefore, the present worth of 
91*06, due one year hence, is 91. If the present worth 
of 91*06 is 91, it follows that the present value of 91 will 
be the same fractional ]^it of 91^that 91 is of 91 06; 
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that is, the present value of $ 1 is tt^x of 91 , or if ^. And 
since the present worth of two dollars is twice as great as 
for one dollar, we have nf#j- fot the present worth of $2, 
And in the same way we find ifjj- for the present w<»r£h 
of ft3 ; -t^ for the present worth of f 1 0. 

Had the time been 6 months instead of one year, then 
would -l^f be the present worth of $1 ; t?i?r would be 
the present worth of $2 ; -f:Vt- would be the present worth 
ofJlO. 

If we reckon 7 per cent, interest, the present worth of 
$1 fpr one year would be t'^tj foJ^ ^ months it would be 
T^lVr i ^^^ so on for other sums and other rates of interest. 
Hence, we have the following 

RULE. 

Find* the amount o/* $1, for the given time, at the gwen 
rate per cent,, then divide the suin whose present worth is re- 
quired, by this amount, and it will give the number ofdoUars 
in the present worth. Subtract the presetU worth from the 
given sum, and it will give the discount^ 

What ig Dtscoanti- Whftt ii the jReaent worth of a ram of money' doo at lomo 
ftitufe peried 1 What ia the present wortliof $1*06, due one jear benoe, at 6pei eent. 
interesi 1 Repeat the Rule Ayr eomputiog ditcoont. 

EXAMPLES. 

1. What is the present worth of #622-75, due 3 yeani 
4UQd 6 months hence, at 5 per cent. ? 

In this example, we find the amount of $1, f()r 3 year^ 
and 6 months, at 5 per cent, to be 91-175 ; therefore, di- 
viding $622*75 by 91*175, we get 530, for the number of 
dollars in the present worth. If 'w^ %\)?cAs^^\. ^]{^2b ^;^vfij%s^ 
worth from the sum, we gel ^d^-IS lot ^^ ^b&^^x^o^^ 
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2. What is the present worth of $4161-575, due S 
months hence, at 9 per cent J Ans, $4070. 

3. What is the present worth of $7.10272, due 4 years 
and 12; days hence, at 8 per cent.? Ans. $537. 

4. Sold goods for $1500, to be paid one half in 6 months, 
and the other half in 9 months. What is the preseot 
worth of the goods, interest being at 7 per cent. ? 

Ans, $1437-227. 

5. Sold goods for $1500, to be paid at the end of 7i 
months. What is the present worth of the goods, interest 
being at 7 per cent ? An*. $1437126. 

6. What is the present worth of $50^ payable at the 
end of 3 months, at 7 per cent. 9 Ans. $49 '14: 

7. What is the discount on $100, due 6 months hence, 
at 6 per cent. ? Ans, $2*913. 

8. What is the discount on $750, due 9 months hence, 
at 7 per cent.? Ans. $37-41 1. 

9. What is the present worth of $3471*20, due 3 years 
and 9 months hence, at 4^ per cent.? Ans. $2970*01 1. 

10. What is the discount of $150, due 3 Months and 18 
days hence, at 6 per cent.? Ans. $2-652, 

11. What is the discount, of $961-13, due 1 year and 5 
months hence, at 7 per cent. ? Ans. $86-713. 

12. What is the discount of $37*40, due at the end of 7 
months, at 6 per cent. ? Ans. $1*265. 

13. Bought a bill of goods for $1200, one third payable 
In 3 months, one third in 6 months, and the ««maining 
one third in 9 months. How much ready cash ought to 
pay for the good$^ if we consider money with 6 p^ cent. ? 

' * Ans, $1 165-21 -h. 
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COMPOUND INTEREST. 

118* When, at the end of a year, or of any given 
time, the interest due is added to the principal, and the 
amount thus obtained is considered as a new principal^ 
upon which ^iterest is lo be cast for another given period, 
to be added in hke manner to form a second new prin- 
cipal, and so on, the last amount thus obtained is called 
the AMopNT AT COMPOUND INTEREST. If from this amount 
we subtract the original principal, we obtain the com- 
pound INTEKEST. 

Bow h the aBi<mnt of eompoand intereit foand 1 How i* the eempound mterMt 
ebCftioed r 

EXAMPLES. 

1. What is the compound interest of 81000, for 3 years 
at 7 per cent. ? 

Principal, $1000 

Interest on $1000 for one year, . . 70 ^ 

First amount, or second principal, * 1070 
Interest on $1070 for one year, . . . 74-90 

Second amount, or third principal) . 1144-90 
Interest on $11 44^90 for one year, . . 80*143 ^ 

Third amount, 1225-043 

Original principal, • * 1000 

The cotopound interest ifequired, Ahs. $225043 
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21 What is the amount of 9100, at 6 per cent, per an- 
num, compound interest, for two years, when the interest 
is added in at the end of every six months ? 

Principal, ... . , . . . 9100 
Interest on 9100 for 6 months, . . 3 

103 

4 

Interest on 9103 for 6 months, . . 3 09 

106-09 
Interest on 9 1 0609 for 6 months, 31 827 

109-2727 
Interest on 9109-2727 for 6 months, 3-278181 

Amount required, $112*550881 

3. What is the compound interest of 9630, for 4 years, 
at 5 per cent 1 Ans. 9 1 35*769. 

4. What is the amount at compound interest, of $50, 
for 3 years^ at 5 per cent. ? Ans, 9^7*881. 

6. What is the compound interest of 91000, for 4 yearSi 
at 6 per cent % Ans. 9262*477. 



BANKING. 

119« A BANK is an incorporated institution, created for 
the purpose of loaning money, receiving deposits, and 
dealing in exchange. 

The stocky or amount of xnoney in trade, is limited by 
law, and owned by various individuals who are called 
Hoekkolders, 
Banka are allowed to ma^L^ t^o\.%« ^\i\OcL ^:i^ ^«cl<^xs&> 
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9bX^ hank bUlSf which circulate as money, because, on 
demand of the holders of them^ they must be redeemed 
by the banks, with specie. 

It is customary for banks, in most cases, when they 
loan money, to take the interest in advance ;* that is, to 
deduct it from the face of the note at the time the money 
]» lent. The note is then said to be discounted, - 

The sum to be discounted, or the face of the note, is 
called the amounL 

The interest deducted is called the discount. 

What then remains is called the present worthy ox pro- 
ceeds. 

A note to be discounted, or banka})Ie, must be made 
payable at some future time, and to the order of some per- 
son who indorses it. 

It is usual for the banks to take the interest for 3 days 
more than ihe time specified in the note ; and the borrower 
is not obliged to make payment till these three days have 
expired, which are for this reason called days ofgruce. 

Wb»t it a bank 1 What it the itock t Who are the stockhoUen t How am 
benk nol6s called t Do they circulate ai money ? How are the banks obliged to 
sadeem ttoii notei ? How do banka ■ometimet Cake the iuterett ? When i* a note 
■aidtohedifcou|itedt What far the amount 1 What it the Intereit deducted called t 
How is that Which remains called? Does a bank note require an indorserl For 
how many days more than qiecified in the note do baoki take interest 1 What are 
tlwse three daya called 1 

What is the banking discount on 91000, for 3 months, 
at' 7 per cent. ? 

In this example^ we find the interest on $1, for 3 
months and 3 days,^at 6 per cent, to be #0-0155, which,. 

imiltiplied by 1000, gives 915*50, for the discount at 6 

, ji ■ . 

* This method of discounting bank notes is usurious, and is fast foing out of use, 
and instead of it the banks now deduct the discount as found by Rule under Aev 



252 BLEMENTART ARITHMETIC. 

per cent. ; this, increased by its sixth part, beoomsfr 
•18*0Si for the discount at 7 per cent., as required. 
Hence Hre may find banking discount by the following 

iauLE. 

Compute the iat^est ( Case /F. Aet.11S,) on the given 
suniy for three days iwfre than is spetified. This interest 
will be the discount, 

EXAMPLES. 

1. What is the banking discount of 8150, for 6 months, 
at 6 per cent. ? Ans. $4*575. 

2. What is the banking discount of $375, for 3 months 
and 9 days, at 7 per cent. ? Ans. •7*438. 

3. What is the banking discount of $400, for 9 months, 
at 7 per cent,? Ans. 92 [-23^, 

4. What is the banking discount of $29*30, for 7 , 
months, at 6 per cent. ? .Ans. $0*867. 

5. What is the banking discbunt of $472, for 10 
months, at 7 per cent. ? ' Ans, •27*809. 

130« When the present worth of a bankable note, th» 
time for which it is to be discounted, and the rate per 
cent, are given, to find the amount or face of the note. 

What must be the face of a bank note which, when 
discounted fox 4 months and 15 days, gives a present 
worth of $100, interest being 6 per cent. ? 

If we suppose the note to be $1, we find the banking 
discount for 4 tuooths and 15 days to be $0.028 ; hence 
• i— •0-023^$0^77, is the present worth. Had the face 
of the note been $2, fhe present worth would have been 
twice $0,977; had it been $10, ten times $0-977, arid 
the same ^ould be true for olYvet t^xvo*. "NXtet^^^^ \a. ^T^<et 
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that the present worth of the note may be #100, its face 
must be as many times greater than $1, as $100 is times 
greater than (0-977. Dividing 9100 hy $0-977, we find 
for a quotient 102354+- Hence, if a bank note fas 
9102'35 be discounted for 4 mcmths and 15 dajrs at 6 per 
cent interest, the present worth will be $100. 
Hence we nave this 



RULE. 

Compute thi b^nkir^ discount on $1, for the given timt 
and rate per ^erU. ; ;subiraet this discount from $1, then 
divide the present worth by the remainder^ and the quotient 
will be the amount, or face of the note. 

EXAMPLES. 

1. What must be the amouht of a bankable note, so 
that when discounted for 3 months, at 6 per cent., it shall 
give ai present worth of $600 ? 

In this example, we find the banking discount on $t, 
for 3 nionths, to be $0*01 55j which, subtracted from $1, 
gives $0-9845 ; therefore, dividing $600 by $09845, we 
obtain $609*446, for the required amount of the note. 

2. What must be the face of a bankable note, so that 
when discounted for 2 months, at 7 per cent., the bor- 
rower shall receive $50 % Ans. $50-62. 

The following table gives' the amount of a bankable 
note, so that when discounted at 5, 6, or 7 per cent., for 
any number of. months, from 1 to 12, the present worth 
•hall be just $1. 22 
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Mcatta. 


f pHTWOU 


• per cant. 


Tpereaat* 


I 


1004604 


1006530 


1006458 


2 


1008827 


1 010611 


l-01240e 


3 


1-013085 


1-016744 


1-01^416 


4 


1017380 


.1020929 


1024503 


5 


1021711 


1-026167 


1-030662 


6 


1026079 


1031460 


1036896 


7 


1030485 


1 036807 


1 043206 


8 


1034929 


1042095 


1049593 


9 


1039411 


1047669 


1 056059 


10 


1043932 


1053186 


1 062605 > 


11 


1 048493 


1058761 


] 069233 


18 


1-053093 


1064396 


1 075944 



We will now work some examples by the aid of the 
above table. 

3. What must be the face of a bankable note, so that 
when discounted for 10 months at 5 per cent., the preaent 
worth ma J ba $1000? ^ 

Looking in the table directly under the '5 per cent, and 
adjacent to 10 months, we find 81 043932; this, multiplied 
by 1000, gives $1043*932, for the face of the note re- 
quired. 

4. What nmst be the face of a bankable note, so thai 
when discounted for 7 months, at 7 per cent., the present 
worth may be $70*50 ? Ans. $73;546. 

5. What amount must I make my note, so that when 
discoimted at the bank for 12 months, at 7 per cent., 1 
may receive $100? ^n^. $107*594. 

6. What must be the amount of a note, so that when 
discounted at the bank for 6 months, at 6 per cent., th< 
bonowet may receive %%^\ Asa. %^T6-483« 
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COMMISSION. 

i91« CoHxissioN is an allowance made to a factof 
or commission merchant for bujnng and selling. It is 
estimated at so much p6r cent on the money used in the 

tmnsaction. 

- '-■ / 

What it CominiMion 1 How it it estimated ? 

Since commission is a certain percentage of money em- 
ployed in bujdng and' selling goods, it may be found by 
the rule under Percentage^ A&t. 113, which may be 
given as follows : 

RtLE. 

Multiply the sum of money on which commission is to he 
computed f by the rate per cent, caressed in a. decimal, and 
the product, when pointed c^ according to the rule for decir 
malsy wiU be the commission, 

EXAMPLES. 

r. What is the commission on 8376^*50, •at 3^ per 
ctotJ ' 

Operation. 

•3765-50 
0035 

1882750 
' 1129650 



8131-79250 



» 



2. What is the commission on 810000, at 4 per cent 

Ans. 8400. 
S. A factor sells 43 bales o{ csoXXxyci ^\. It^'X^^^^Vj^^^^ 
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and charges 2 per cent, commission. How much moxwj 
must he pay to his principal? Ans. 15802*50. 

4. A sends to B, a broker, 93605 to be invested in 
stock : B is to leceiye 3 per cent, on the amount paid for 
the stock. What was tfaie^alue of the stook purchased f 

Since B is to receive 3 per cent., it is plain that $103 of 
A's monej would purchase 9100 worth of stock. Henet, 
the amount expended for stock must be |d of $3605= 
$3605-?- 103 =$3500. Ans. i 

Note. — In sach cases as the above, when the given sam includes 
the factor's commission, and we desire to know what amount he 
mnst invest for his principal, so that the balance may be his com- 
mission on the amount invested, we mnst divide the given sum by 
the percentage of the' commission increased by a unit. Thus, 
dividing $3606 by 103, the quotient is SSSOO, Which is the sum 
iRvcsted. 

6. A factor receives $601 12, and is directed to purchase 
cotton at $289 per bale : he is to receive 4 per cent, on 
the money paid for the cotton. How many bales did he 
purchase ? 

$60112-^1«04=$57800 amount paid for cotton. . 

157800 -J- $289 = 200, number of bales. 

6. The par value* of 125 shares of bank stock was 
$100 per share. What is the present value, if the stock 
is worth 18 per cent, above par? Ans. $14750. 

7. What is the value of 50 shares of bank stock, the 
par value of which was $200 per share, on the supposi" 
tion that it is 12 per cent, below par, or, that it is worth 
only 88 per cent of its par value ? Ans. $8800. 

* By jMT vo/iM {■ mennt the orifinsl «<»t or ottimtttad rmhiA of iloek. Wbw il if 
worth mora than iti original cost, it it wiid to be aA<ra« p«r^ wheo it it worth lea Ihta 
tk9 wlgimH OMt, kit laid tote bclvv yor^ 
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^ :B. A bankiaild, and has in circulation $^08567. It 
can pay only 13 per cent. What amount of money has 
ft on hand? ^n^. •t4U3*7f. 



INSURANCE. 

133« Insurance is a contract, by which an individual 
or company agrees to restore the value of ships, houses, 
or goods of whatever kindj which may be destroyed by 
the perils of the sea, or by fire. 

The security is given in consideration of a certain sum 
(tf money called the premium, which ia paid by the owner 
of the property insured. 

The premium is always estimated at a certain' rate per 
(Bent, on the value of the property insured. 

The written agreement of indemnity is called a policy. 

What U Insuninoet What it premium? How ife tile premiinn eatimatedl 
Whftt it ttie policyf 

It is obvious that^the foregoing rules under Percentage 
and under Commission, may be employed for finding the 
insurance premium. 

EXAMPLES. 

1. If A gets his house insured for $1800, at 41 cents on 
9100^ what will be the amount of the premium? 

Ans. $7-38. 

2. An insurance of $12000. was effected on the ship 
Ocean, at a premium of 2 percent Wheit did t.h« pre- 
mium amoont to? Ans. $2A0» 

3. I effected an insurance of $5^EQ oa m^ d^«lUs\^ 

^2* 
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■M 

house and furniture for 1 year, at f of 1 per cent. What 
did the premium amount to? Ans. $19*6125. 

4. What is the amount of premium for insuring $34567, 
at 60 cents on $100 ? Ans, $207-402. 

5. What would he the premium for insuring a ship and 
cargo, valued at $46370^ from Boston to Liverpool, at ^ 
percent? iin«. $1043-325. 



LOSS AND GAIN. 



138« Loss AND Gain is a rule hy which merchants 
discover the amoimt lost or gained in hu3dng and selling 
goods. It also assists them in adjusting the price of their 
goods so as to lose or gain a certain per cent 

What if Lo« and Gain 1 

EXAlfPLES. 

1. Bought 300 yards of hroadcloth at $2*25 per yard, 
and sold the same at $3*50 per jfard. How much was 
gained? 

$3 '50 price of 1 yard. 

$2*25 cost of 1 yard. 

$1-25 gain on 1 yard- *^ 

$1-25 
300 

$37500 whole gain. 

2. A merchant bought 320 barrels of flOur at $5 per 
barrel, but h6 finds he must lose 10 per cent in the sales. 
How much will he recevv^ iot x^%.'«\iQ\^*V 
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"Hie whole coat of 320 bairels is $5 x 320r=91600. 
Since he loses 10 per cent, ^e dollar's worth must sell 

fo 90 cents. 

$1600 
0-90 • 



Ans. $144000 what he receives. 

3. Suppose I buy 25 cords of maple wood at $2-50 per 
cord, and sell it so as to make 25 per cent. What must 
I receive for the whole ? 

The whole cost of the wood is $2*50 x 25 =$62-50. 

Since I make 25 per cent, one dollar's worth must sell 

for $1-25. 

$62-50 
1-25 

31250 
12500 
6250 



^n^. $78'] 250 what I receive. 

I r I 

4. Bought a house and lot for $1400, and sold it for 
$1200. How much per cent, did I lose ? 

$1400 cost of house. 
$1200 what sold for. 

$200 what I lost on $1400. 

Hence, T^V\r=+=014f =il4f per cent. 

5. Bought 225 gallons of molasses for 26 cents per 
gallon, and sold the whole for $64*35. What did I gain 
per cent. ? / 

The whole cost of 225 gallons is $0-26 x 225 =$58-60. 
The whole gain iff $64-35— $68-50=$6-85. Since $5-86 
is the gain on $58*50, it follows that the gain on $1 will 
be found by dividing $5\S5 by 58*5. Perfotmin^ the 
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division, we have $5-85 -r- 58-5 s=0-l or 0-10, that is, the 
^ain is 10 per cent. 

From the foregoing examples we are able to* deduce the 
following principal • 

RULES. 

/. The total gain or loss is the difference between the 
first cost and the selling price. 

II. Ttie first cost multiplied by 1, increased by the gain 
per cent.j or by \ decreased by the loss per cent.^ considered 
as a decimal^ will give the selling price. 

III. The whole gain or loss divided by the first cost^ wiU 
give the gain or loss per cent. 

6. Bought 75 pounds of coffee at 10 cents per pound. 
At how much per pound must I sell it so as to gain 93 on 
the whole ? Ans. $0* i 4. 

7. Bought 25 hogsheads of molasses, at. 91 8 per hogs- 
head, in Havana; paid duties, $16-30; freight, 925; 
cartage, $5-50 ; insurance, $25 25, What per cent, shall 
I gain, if I sell it at $28 per hogshead ? 

Ans. About 34 per cent. 

8. If I buy broadcloth for $3 -50 per yard, how much 
must I sell it at per yard so as to gain 25 per cent. ? 

^n*. $4 37J. 

9. If I buy cloth at $3-50 per yard, how many must I 
sell it at per yard so as to lose 25 per cent 1 Ans. $2-62 J. 

iO. A person bought a city lot for $800, and sold it so 
as to gain 40 per cent. How much did he sell it for? 

^n^. $1120. 
1 1. A house which cost $3000 Mra^ sold for $2400. 
What per cent, was lost 1 Ans, 20 per cent^ 

,12. A house which coat $2,400 was sold for $300a 
What per cent, was garnet 1 Aus. ^^ V^^ ^^x^.. 
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FELLOWSHIP. 

194* Fellowship is the union of two or more indi* 
riduals in trade, with an agreement to share the losses 
and profits in the ratio of the amount which each in- 
dividual puts into the partnership. The money employed 
is called the capital stock. 

The loss or gain to be shared- is called the divide,ui. 

What if FeUowshi(> 1 What is Um capital itoek 1 What b th« dividend 1 

EXAMPLES. 

L A, B, and C, enter into copartnership. A put in 
$180, B put in $240, and C put in $480. ^ They gained 
$300. What is each one's part of the gain ? 

$180 A*s stock. 
240 B's stock. 
480 C's stock. 

$900 whole stock. 



H|-= 7 = A's part of the entire stock. 
-H»=tV=B's «. a « « « 
>m=TV=C's « « « « « 
Hence, A must have i of $300c= $60 for his gain. 
B « « tV of $300=: $80 ^« « <* 
C ^ « TVof$300=$i60 « « « 

$300 
From the above we may deduce the following • 

RULE. 

Make etich partner's stock the numerator of a fraction^ and 
the sum of their stock a common denominator ; then multiply 
the whole gain or loss by each of these fractions^ for each 
partner's share. 
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2, Five persons, A, B, C, D, and E, are to share between 
them $2400. A is to have ^ ; B is to have ^ ; C is to 
have f ; D and £ are to divide the remainder in proportion 
to the numbeiB 5 and 7. How much does each one 
receive? 

A receives } of 92400 =$400. 
B " J of 2400= 600. 
C « i of 2400= 900. . 

$1900. 

$2400 
1900 

$500 sum of D's and E^s part 

5 represents D'd part. 
7 represents E's part. 

12 represents the sum. 

Hence, D must receive ^^ of $500=:$208'33|. 
E must receive y\ of 500= 29l'66|. 

3. There are three horses belonging to three men, em- 
ployed to draw a load of plaster a certain distance for 
$26*45. It is estimated that A's and B's horses do | of 
the labor ; A's and C's horses ^ ; B's and C's horses if. 
They are to be paid proportionally according to these es- 
timiates. What ought each man to receive ? 

A's and B's horses do "} zz-Jf- 
A's and C's horses do i^=if 
B's and C's horses do i*=if. 
Adding all these fractions together, we shall obtain 
twice what they all do, according to the above estimate; 
if we take half the sum, it will give the part supposed to 
be done by all. 
Hence, A's, B's, and C's horses do ff. 
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. If from this fraction we subtract -(f , which is B^s and 
C's, we find jH- for the part supposed to be done by A's 
hoise. In the same way we find ft, for the part done by 
B's horse, -f^ will represent the part done by C's horse. 

Therefore, the parts which the three horses are sup< 
posed to do are j^^, f^j f^. These fractions, having a com- 
mon denominator, must be to each other as their numer- 
ators, that is, as 10, 5, 8, whose sum is 23. 

Hence, A ought to have if of 926*45 =$11 -50. 
B ought to have A o^ 26-46= 675. 
' C ought to have A o^ 26-45 = 9*20. . 

Proof, •26-45. 

4. Ay B, and C, agree to contribute 9366 towards build- 
ing a church, which is to be at the- distance of 2 miles 
from A, 2f miles from B, and 3^ from C. They agree 
that their shares shall be proportional to the reciprocals 
of their distances from the church. What ought each to 
contribute? 

The reciprocals of the numbers 2, 2^, 3^, are i, -A, 
f ; these reduced tp a common denominator, become m^ 
Uti} "AV' Now, we must obviously divide 8365 in the 
proportion of these numerators ; their sum is 365. 

Hence, A must contribute ifi of 9365=9161. 
B « iff of 365= 112. 

C « -rf^yof 366= 92 . 

Proof 9365. 

5. A person wills to his two sons and a daughter, the 
following sums: To the elder son 91200, to the younger 
sou 91000j and to his dai^hter 9600 ; but it is found that 

1 
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his whole estate ampunts to only $800. How mueh 
ought each child to receive ? 

( The elder son received •342-857'^ 

Ans. '{ The younger soa received 285:7 1 4f . 

I The daughter received 171 '428f . 

6. Four persons, A, B, C and D together ciontribute 9500 

towards the election of a school-house, which is located 

at the distance of «}- of a mile from A^s residence, -)■ of a 

mile from B's, f of a nule from C's, iand 1 mile from D'a 

They contributed jn the reciprocal ratio of their respective 

distances from the school^house. How much did each 

give ? 

'A gave H of $500=;:*240. 

Ans\l^ " Aof 500= 120. 

' C " A of 500= 80. 

D « A of 500= 60. 



DOITBLE FELLOWSHIP. 

■ ■ .1 

-13tS« When the stock of the several partners continues 
in trade for unequal periods of time, the profit or loss 
must be apportioned with reference both to the stock and 
time. In such cades the fellowship is called Double Fel- 
lowship. ' 

What » Double Fellowthipl . 

EXAMPLES. 

\ . 

1. Three partners. A, B and C, put into trade money as 
folhwa : A put in %400 fot "l moTA.V^\ B ^t in 9300 Hoc 
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4 months; C put in $$00 for 3 months. They gamed 
$3^0. How must they share of this gain ? 

It is evident that $400 for 2 months ,is the same, as 
•400 X 2=$8D0 for one month. 

And $300 for 4 months is the same as $300 X 4=$I200 

* i 

for one month. 

And $500 for3 months is the^ame as $500 x3=$1500 
for one month. 

Hence, $800 A's money for one month. 
1200 B's money for one ittonih, 
1500 C's money for «ne^montb.. 

$3500 

Therefore, by Single Fellowship, 

A must have ■rfVW=A of S350=$80. 
B « « tm=ifof 350=120. 
C « « mi= ♦ of 350= 150. 

$350 Proof. 

BtJLB. 

Multiply each partner^ s stock by the time it was in trade ; 
make each prodMCt the numerator of a fraction^ and the sum 
of the products a common denominator; then jnultiply the 
whole gain or loss by each of these fractions^ for each part" 
ner^s share. 

2. Three faim^rs 'hired a pasture for $55*50 fdr the 
season. A put in 6 cows for 3 months, B put in 8 hCOws 
for 2 months, C put in 10 cows for 4 months. What rent 
ought each to pay ^ TA ought to pay $1 3-50. 

Ans. ^B « 1200. 
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3. On the first day of January, A began business with 

$650 ; on the first day of April following, he took B into 

partnership with $500 ; on the first day of next July, they 

took in C with $450 ; at the end of the year they found 

they had gained $375. What share of the gain had 

each? 

rA had $195. 

Afw.<B « 112-50. 

Lg « 67-50. 

4. A, B and C, have together performed a piece of 
work for which they receive $94. A worked 12 days of 
10 hours each ; B worked 15 days of 6 hours each ; G 
worked 9 days of 8 hours each. How ought the $94 to 
be divided between them ? 

A worked 12 x 10=120 hours. 
B « 15 X 6= 90 hours. 
C « 9x8= 72 hours. 

282 

Therefore, A had JtH of $94=ff of $94= $40. 
Bhad^Wtof 94=-Hof 94= 30. 
Chad -5% of 94=if of 94= 24. 

5. A ship's company take a prize of $4440, which they 
agree to divide among them according to their pay and the 
time th#y have been on board. Now the officers and mid- 
shipmen have been on board 6 months, and the sailors 3 
months ; the officers have $12 per month, the midshipmen 
$8, and the sailors $6 per month ; moreover, there are 4 
officers, 12 midshipmen, and 100 sailors^ What will each 

one's share be? 

f Each officer must have $120. 
Ans, < Each midshipman ^ 80. 
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^. ASSESSMENT OF TAXES. 

136* Taxes are moneys paid by the people for the 
support of government. They are assessed on the citi- 
zens in proportion to their property ; except the poll taxj 
which is so much for each individual, without regard to 
his property. 

In order to ascertain what each individual ought to pay, 
an accurate inventory of all the tsixable property must be 
made. 

When a ihx is to be assessed on property and polls, we 
must first see how much the polls amount to, which must 
be deducted from the whole sum to be raised; we must 
then apportion the remainder according to each individual's 
property. 

To eflfect this apportionment, we find what per cent of 
the whole property to be taxed, the^ sum to be raised is ; 
we then multiply each one's inventory by this per cent., 
expressed in decimals, and the product is his tax. 

Assessors find it convenient to form a table which shall 
ieit ohce give th6 taxes on small sums, from one dollar and 
upix^ards. 

What are taxM 1 How sre they assessed 1 "WhaA is a poll tax 1 Why must an 
accurate inveotoi^ of all the taxable property be made 1 When a certain tax ia to b« 
laid on property and polls, which must be found first 1 Having deducted the amount 
of poll taxes, how do we proceed 1 Having found the tax on one dollar, how do we 
obtain the tax for any other amount ) May the labor be shortened by means of a 
tablel 

EXAMPLES. 

1. Suppose a tax of $600 is to be raised in a town con- 
taining 60 polls. If the whole taxable property amouata 
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to $37000, and each poll tax is S0^75, what will be A'a 
tax, whose property is assessed at $653, and who pays 
one poll ? s 

$0-75 amount of one poll tax. 
60 

$45 00 amount of all the poll taxes. 

$600 whole amount to be raised. 
Deduct 45 amount of poll taxes. 

$555 amount to be raised on $37000. 

Hence, -|fff^=:$0-015 tjax on one dollar. 
Having found the tax on one dollar, we readily con- 
struct this 

TABLE. 



$1 pays 


$0 015 


$20 pays 


$0-30 


$200 pays 


$3 00 


2 « ^ 


•03 


30 « 


•45 


300 « 


4-50 


3 « 


•045 


40 ** 


•60 


400 « 


600 


4 « 


^ 06 


50 « 


75 


500 « 


7-50 


6 « 


•075 


60 « 


•90 


600 « 


900 


6 « 


•09 


70 " 


105 


700 " 


10 50 


7 « 


•105 


80 " 


1-20 


800 « 


1200 


8 « 


•12 


90 « 


1-35 


900 « 


1350 


9 « 


•135 


100 « 


150 


1000 « 


15-00 


10 *« 


•15 











Now, to find A's tax, his property being $653, 1 find by 
the above Table, that 

The tax on $600 is .$9^00. 
The tax on 50 is 75. 
The tax on 3 is -045. 

The tax on $653 is $9 795. 
OnepoUis 75^ 
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2. By the above table, what would be the tax oa $425, 
there being no poll tax? Ar^s, $6-875. 

3. By the same table, what must B pay, who has 2 
polls, and whose real tind pe^rsonal property is assessed at 
♦762? Ans. 812-93. 

4. If C pays 3 polls, and is assessed at ^1250, how 
much ought he to pay? Ans. •21. 

5. What is the tax on $375, there oeing no polls ? 

Ans. $5 625. 

6. How much is the tax on $1875? Ans. $28-125. 

7. How much is the tax on $1100? ' Ans. $16*50. 

Note. — By this method school rates may be compated, taxes 
forhaUding school-houses^. or, indeed, rates for aoy other similar 
purposes. 



EQUATION OF PAYMENTS. 

137* ' Equation of Payments is a process by which 
we ascertain the average time for the payment pf several 
sums due at different times. 

What n Equation of Paymeqts 1 

Suppose I owe $1000, of which $ 100 is due in 2 moi^ths, 
$250 in 4 months, $^50 in 6 months, and $300 in 9 
months. Now, if I pay the whole sum at once, how 
many months credit ought Ito have ? 

A cfedit on $100 for 2 months" 
18 the same as a credit on $1 for M00X297u>.r=200mo. 
200 months. \ 
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A credit on $250 for 4 months! 
is the same as a credit on $1 for v250x4m(?.=1000mo 
1000 months. J . 

A credit on $350 for 6 months 1 
is the same as a credit on $1 for V350x6mo.=2100i7u>. 
2100 months. ' [ J 

A credit on $300 for 9 months 1 
is the some as a credit on $1 for >300x9me.z=i27Q0fno, 

2700 months. J— — 

t $-1000 epOOmo. 

Hence, I ought to have the same as a credit on $1 foi 
6000 monjths. But if >I wish a credit on $1000 instead of 
$1, it<)ught evidently to be for only one thousandth part 
of 6000 months, which is 6 months. 

Hence, we infer this 

RULE. 

Multiply each sum hy the time that must elapse before i\ 
becomes due ; divide the amount of these products by the 

amount of the sums' ; the quotient will be the equated time, 

1 t ■ '. ■ ._ 

BMMPLE& 

1. I purchased a bill of goods amounting to $1500, of 
which I am to pay $300 in 2 months, $500 in 4 months, 
and the balance in 6 months. What would be the mean, 
time for the pa3anent of the whole ? 

Ans, 4-i^mo., (x Amo, 16c2a. 

2. A merchant owes $500 to be paid in 6 months, $600 
to be paid in 8 months, and $400 to be paid in 12 months* 
What is the equated time of payment % 
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3 A owes B a certain sum; one third is due in G 
months, one foujrth inr 8 months, and the remainder in 12 
months. What is the mean time of payment ? 

It is evident that it makes no diflference what the amount 
is which A owes B, since it is certain fractional parts 
which hecome due at particular times. If we suppose *the 
sum to be $1, then our work will be 

mo. mo. 
iX 6=2 
iX 8=Ji 
. Remainder is t\, and ^ X 12=5 

An9. 9. mpiuhs. 

The least sum which we can take 8l> as to avoid frac- 
tions i^t 12. In this case we have 

i of 12=4, and 4x 6ma.=s34»w. 

f of 12=3, V 3x Smo.z=z24mo. 
' Remainder, =r5, * 6 x 12»w.=60»m>. 

12~ 108mo. 

Hence, -W-=9 months for the tiina- ' 

4. A merchant has due him 9300 to be paid in 2 mdiiths ; 
fSOO to be paid in 5 months ; f 4*00 td be paid in 10 
months. TV'hal4s ^he equated time for the payment of the 
whole ? Ans. 5-fJf7io., dr hmo. 22da. 

5. A merchant owes 912G0, payable as fQllowd : 8200 
in 2 months, 9400 in 5 months, and the remamder in 8 
months^ He wishes to pay the whole at one time^ What 
is the equated time of such payment ?, Ans. 6 months. 

6. A merchant bought goods to the ?imount of $2400, 
for one fourth of which he was to pay cash at the time of 
receiving the goods, one third in 6 months, and the balance 
in 10 months. What was the equitable' time for the pay- 
meDtofthe whole? 
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i of $2400=9600, which for 
months gives 600 x 0= Omo. 

f of $2400=9800, whieh for 6 
months gives 800 x 6= iSOOmo 

Balance=9l000,wh^ch for 10 
months gives ' 1000x10=1 OOOOmo 

, 2400 Tmbmo 

Hence, 14800mo.-^2400=6( months for the time sought. 
It is obvious that the time may be estimated in days as 

well as in months. To illustrate this we will give several 

examples of this kind. ' 

7. Suppose lowe 9100 payable on January 1st, 9150 
on February 5tli, 9300 on April 10th. If we count from 
January 1st, and allow 29 days to February, it being 
Leap year, im what day ought the whole sum in equity 
to be paid) ' 

Counting fiDiA-Januaiy Ist, the $100 will havB no time 
of credit: 100 x Oia.= dd^L 

From Jan. Ist to Feb. 5th k 
85 days: 150x35(20.= 5250ia. 

From Jan. 1st to April 10th i? 
lOOday^: 300 x 10prfa.=3000O <to, 

550 35250(2^. 

Hence, S5256ills.-?-550=64^ dajrs, or counted from 
Jan. 1st, gtves March 5th for the equated time of the pay- 
ment of the Whole. 

KoTB. — ^The table under Art. 76 will be fooiid very conyenient 
for determining fM number of days between the different dates. 

8. A merchant bought a bill of goods amounting to 
$1000, He ngrees to pa^ 9250 the first day of the next 

March, $250 <m the 3d otWx^ ioWo^iHxv^^^^^^'X^ ^w\.\sa 
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4th of the following July, and the remaining $250 on the 
15th of the following September. What would be the 
equitable time for paying the wholes 1 

In this example, all the payments being equal, we may 
take for each one any sum we please. Fdr'simplicity we 
wiU cooeider e4ch payment as 91. 

Counting from Max'ch 1st, we see that the first payment 
has no credit: Ix dayss=: days. 

* From March 1st to fclay 3d 
is 63 days: 1 X 63 daysn 63 days. 

From March 1st to July 4th 
is 125 days : 1 x 125 days=zi25 days. 

From March Ist to Sept. 
15th is 198 days: 1 X 198 days=198 days. 

$4 . 386 days. 

Hence, 386 days -T'4F=^6jt days. Calling this 97 days, 
mad counting from March Ist, we have June 6th for the 
time sought 

When a debt due at some future period has received 
several partial payments before the time du0, to find how 
long beyond this time the balance may in equity remain 

unp^^id. 

9. Suppose 91000 to be due at the end of 6 months; 
that 3 months before it is due there was paid $100, and 
that 1 month before the expiration of^he 6 mont)is, there 
was paid $300. How long after the end of the 6 months 
may the balance of $600 remain unpaid ? 

100x3md. = 300»ii>. 
800xl»w.=300ww. 

>■ ■■■■■II 111 I I ■■ ■ '■■■ ■■ " 

600)600mo. 
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« 

Hence we have this 

RULE. 

Multiply each payment by the time it was paid before due ; 
then divide the ntm of the products thus obtained by the 
balance remaining unpaid; the quotient wiU be the equated 
time, 

EXAMPLES. 

10. Suppose fHOG^l to h^ due at the end of 9.0 days, 
that 84 days before it is due there is paid $500 ; 32^ days 
before the 90 days expire there is paid 9502*50. How 
long after the 90 days before the balance of $493*91 
ought to be paid '? Ans, 1 ] 7^ days. 

11. A lent $200 to 6 for 8 motiths ; at another time he 
lent him $300 for 6 months. For how long a time ought 
B to lend A $800 to balance the favor ? * 

' Ans. H months. 

138* It is customary with many merchants to give a 
credit, of from 3 to 6 months, on their bills of sale. In 
such cases, in settling hp their accounts, which generally 
consist of various items of debit and credit at sundry times, 
it is very desirable to have some simple rule by which the 
cash balance can be found. We have prepared a rule 
for this purpose. 

Suppose A has the fbllowing account with B : 



1848. 


Dr. 


1848. 


Or. 


Jan. 10. To MerehandiM, . 


. tioo 


Feb. 8. By MerchandiM, 


. 090 


MuehStt. *• «• . . . 


. 400 


April 23, " •*..., 


. 375 



What is the cash balance, July 10, 1848, if interest is 
estimated at 7 per cent, and a credit of 30 days is allowed 
on all the different aumsl 
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If interest were not considered, the above account could 
be balanced as follows: 



ia«8. Dr. 

Jan. 10. To MercbftBdlM, . . tlOO 
•« " .... 400 



0500 
ToBahmeo #75 



/I848. Or. 

Feb. 8. By UercbaadiM, . . #50 

AprUSa: " « 375 

" Balance 75 

•500 



Had no credit been given, the debits should be increased 
by the following items of interest: (See Table, Aat. 76, 
and Rule, Aet. 114 •) 

On $100 for 182 days at 7 percent. = 10C x 182xf^. 
« 400^ 106 t« «« « =:400xl06xf^. 

In Uke manner the credits should be increased by in- 
terest: 

On $50 for 153 days at 7 per cent = 50 x 153 x f,^. 
a 375^ 7g « a M =:375x 78xf^. 

But, since 30 days credit is given on all sums, it foltows 
that by the above, we should increase the debits by aH 
excess of interest equal to the interest of the sum of 
debits, $500, for 30 days=500 x 30 xf^. In like man- 
ner we should increase the credits by an eiccess of in- 
terest equal to the interest of sum of credits, $425, for 30 
days=425x30xi?f. 

Now if, instead of diminishing the debit items of interest 
by 500 X 30 X iV^, and the credit items of interest by 425 
X 30 X i'^, we merely diminish the debit items of interest 
by the interest on merchandise balance, $75,^ for 30 days, 
which is 75x30xiV^, the result will be the same. 
And since taking any sum from one side of a book 
account has the same effect as adding the same sum to 
tb^ other side, it foUowB^ Ihal vaaXft^'^ ^\ ^assscjMSossssi.'^SA 
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debit items of interest by 75 x 30 x iVf , we may increase 
the credit items of interest by this same quantity. 

From which we see that the difference between 
100 X 18?p<fW^4-400x i06xf<Pf and 50xi53xfff+ 
375 X 78 X f 6^-h 75 X 30 X ffi- is the interest balance. 

The operations indicated in the foregoing work may be 
exhibited in a more condensed form, as follows : - 

Dibits. CRmtmn. 

$ Dayi. $ Dayt. 

100x182=18200 ' , 50x153= 7650 

400 y 106 =r 42400 375x78=29250 

60600 75 X 30= 2250 

39150 39150 

i'^ of 21450 = $41 1 ^interest balance. 

Hence the foregoing account will become balanced as 
follows : 



1848. Dr. 

Jan. toi. To Mercbandiw, . •100*60 

Mai«h80. " " . . . 400:00 

July 10. " balance of interest 4*11 

50411 



1848. Or, 

Feb. a By MerchandiMp . . tJMHW 

April 23. " " . . . . S7S1» 

July 10. '' balance .... 79*11 

•se4U 



July la '* Oasb balance . . #79*11 

. From the aboye, we deduce this 

RULE 

Place such sum on the debtor or credit side as^tnay h€ 
necessary to balance the account^ which sum may be regarded 
as merchandise: balance. Then multiplijf the number ^ 
dollars in each entry by the number of days from the time 
such entry juxis made, to the time of settlement ; (^serving to 
multiply the merchandise balance by the numier of days 
for which credit is given. 
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Multiply the difference between the sun^ of the debit pro- 
ducts^ and the sum of the credit products^ by the interest of 
^1 for 1 day ; the product will be the number of dollars in 
XNTEESST BALANCE, which wiu be infavoT of the debit side of 
aecounty when the sum of debit products exceeds the sum of 
credit products; but in favor of the credit side when the 
sum of credit products exceeds the snm of debit products. If 
theny the interest balance be added to, or subtracted from^ the 
merchandise baldnceyas the case may require ^ it will give the 
cash balance, 

fiXAMFLBS. 

1. Suppose A ha49 the following aocount with B : 



i. 

Ha^h S. 
May 10. 

& 



To M«reli«iidiM, 

M M 



M 

a 



\ 



«9qo 

, 500 
, 100 

m 

1100 
950 



1848. 
Jan. 15. 
MAreh SO. 

iniy 1. 



By MwehandfM, 
ft « 



'U 



M 



M 



Or, 
.«300 
. 400 
. 900 
. 50 



fOSO 



lltvBlMiidJI»bd««e» $150 

What is the caiih balance of the above account on the 
Iflt of July, 1848, provided each individual is allowed 90 
dajff time on his purchases, if interest is estimated at 7 
p^reent^ 



DSBft PEODUGTf. 
Dmyt. 

M0xl89»36400 
6OOx|52d»60OOO 
lOOx 59^ ddOO 
300x 25 = 7500 

iioax 109100 



0I!BEATION. 

Dmyfc 
300x168+50400 
400X 103^==41900 
- 900 X 59=11800 

5qx 0= 

Md. bal. 150 X 90=13500 



24 



116900 
109100 
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hence $1*49 is the interest balance, which balance tt in 
favor of the credit side ; but $150, the merchandise balance, 
was in favor of the debtor side; consequently the cask 
toalancje is $150— $l-49=:$i48-5l in favor of A. 

2. Suppose A's account with B to have been as fol- 
lows: 



.18«L Dr, 

Jan. 10. To Herohandia*, . . •350*37 
leb. 25. " «... .113-64 



Karahl. « 



405S0 

760<M) 
688-53 



Morehandise balance 80-48 



1848. 
June 85. By lferchan4tie, 
July 90. 
July 9ft. 



u 






Or, 

.•37-51 
. 50-96 



•69B-a 



what id the cash balance, and in whose favor, on the 
1st of August, 1848, provided 6 months, or 180 days' time 
is given, interest being 6 per cent. % 

Note. — In practice, when the cents in any of the entries, as in 
th£i example, are less than 50, we may^withoat sensible error, omit 
the^ii} bu| when they are 50, or greater, we may consider them as 
an additional dollar. 



OFERATION. 



^ Dbbit Peosuoti. 
• Dayfc 

250x204=51000 
113x158=17854 
406x153 =62118 

769 130972 

18818 



CUDTT PEODVOra. 

• Dayi. 

38)<: 37= 1406 

51x. 12= 612 

60ax 4= 2400 

Md. bal. 80 X 180= 14400 

18818 



-' iYf of 112154=18-44 nearly; hence $18*44 is 
the interut balance, which balance is in favor of the 
i$bW side. Thefnerciumdi^e baknoe of $80*48 was also 
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in favor of the debtor side, consequently the cask balance 
is $80-48+$18-44=»998-92 in favor of A. 

What 1b meant by a caili balance? What is meant by merchandise balance 1 
Instead of diminishing one side of a book account by a certain sua, what may be 
done ? How is the interest balaaee ibandl Ja fairor of which side <^ an account 
wiU the interest balance be 1 Bepeat the Buk* In piactaee, what may be'done with 
tte oents in any of the entries f 
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1S9« The product arising from multiplying a number 
into itself is called the second power, or the square of that 
number. Thus, 3x3=9: the number 9 is the square 
of 3. 

If the square of a number be again multiplied by that 
" number, the result is called the third power, or the cube of 
the number.' Thus, 3 x 3 X 3=27 : the number 27 is the 
cube of 3. 

The word pouoer denotes the product arising from mul- 
tiplying a number into itself a certain number of times ; 
and the number thus multiplied is called the root. Thus, 
9 is the second power of 3, and 3 is the square root of 9. 
In the same manner 27 is the third power of 3, and 3 is 
the cube root of 27. 

The product arisinf from nmltiptying a number into itself is called what 1 If it be 
ased as a factor three times, what power is it ? The number 9 is what power of 31 
The number ?7 is what power of 3 1 What is the square root of 9 1 What is the 
•oho root of S71 ' / 

130* Involution is the method of ^finding the powers of 
numbers. 

To denote that a number is to be raised to a power, a 
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small fi^re is placed above, a little to the right of the 
number whose power ia to be found. 

The amHll ligure is called the index, or exponent. 
Thus, 4*=4x4=I6; here the exponent is 2, and 4'd»- 
notes the second' power of 4. In the same way we han 
, 3" = 3 th» flrat power of 3. 
3*= 3 X 3= 9 the second power of 3. 
-3'=3x3x3= 27 the third powB? of 3. , 
3'=3x3x3x3= 81 the fourth power of 3. 
3*=3x3x3x3x3=243 the fifth power of 3. 

The aeeend power of a num- 
ber is called the aquan of 

that number, because it may 

be represented by means of a 
' geometrical square. Thus, 

in the adjacent figure if the 

Bide of this square is 12 linear 

units, as 12 inches long, its 

entire surface will be denoted 

by I2x 12^144 f^u(ir« units, 

which in this chbo will be 144 square inches. 
For a similar reason, the 

third power of a nimiber is 

called the atbe of that number, 

since it can be represented by 

the geometrical cube, as in the 

adjacent figure, where the aide 

of the cube is supposed to be 3 

linear feet, consequently each 

f&ce will be 3x3=9 stptare 
feet, and its Tolume wiU \» S x^ V-^ ='i.T t,vi««i \»rtL. 
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To TBise a number to any power^ we have the follow- 
ing ^ 

RULE. 

Multiply the number contirvudUy by itself y as many times 
less one, as there are units in the exponent ; the last product 
wiU be the power sought, 

* 

Wbat is InTolution t Bow do we doooto that « mimber is to be raiied to a |:«wer 1 
What if thutinaO figure placed above, a little to the right, called t Repeat the Rnla. 

KXAMFLES. 

s 

1. What is the sqiiare of 23 ? Ans. 529. 

2. What is the cube of 17 ? Ans. 4913. 
a What is the fifth power of 47 ? Ans. 229345007. 
4. What is the ninth power of 9 ? Ans. 387420489. 
6. What is the sqyare of 625 ? Ans. 390625. 

6. What is the cube of 48 ? Ans. 1 10592. 

7. What is the square of 075? Ans, 05625. 

8. What is the cube of 065 ? Ans. 0274625. 

9. What is the square of 8^ ? Ans. 72 J. 
10. What is the square of J ? Ans. tV- 
U. What is the cube of -J"? Ans. fH. 

12. Whatisthecubepowferof H? ^»5. •4-J^=37^. 

13. What is the fifth power of 2f 7 

Ans.^m^z=,\57^i^. 

14. What is tho third power of 5 ? Ans. 0125. 

15. What is the fourth power of 0-25? 

Ans. 003906254 

16. Whatls4he square of 1 1 Ans, || 

17. What is the cube of I J?. Ans. 3f. 

18. What is the cube of 2^1 i^i^A^^^. 

24* 
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EVOLUTION. 

131, Evolution is the reverse of involution; that is, 
it explains the method of resolving a number into equal 
factors. , 

When a number can be resolved into equal ifactors, one 
of these factors is called a root of the number. 

If the number is resolved into two equal factors, one of 
these factors is odlled the square root 

Thus, 36=6 X 6, and 6 is the square root of 36. In the 
same way 7 is the square root of 49, since 49=: 7x7. 

To denote that the square root of a number is to be 
fpund, we use the symbol ^. Thiis, -y/SI denotes that 
the square root of 81 is to be found; that is, y'81=9; 
so 'v/lOOzzlO; V25=5. 

When a number is resolved into three equal factors, one 
of these factory is called the cube root of the number. 

Thus, 64 = 4 X ix 4, and 4 is the cube iroot of 64 ; also 
5 is the cube root of 125, since 125=5 x 5 x 5. '• 

To indicate that the cube root of a number is to.be 
found, we use the syjnbol ^; thus, ^7 denotes that the 
cube root of 27 is to be found ; that is, ^7=3 ; so-^4 
=4; >f8=2; -^21:6=6. 

We shall hereafter use the dot (.) to denote multiplica- 
tion. Thus 3.4 indicates that 3 is to be multiplied by 4. 
Also 3x4.8 denotes that the product of 3 and 4 is to be 
multiplied by 8. 

When the dot is used to denote multiplication, it ifl 
placed near, the bottom of the line, but when used to de- 
note a decimal, it is placed near the middle of the line. 

What it ETolution 1 When a number can be resolved into a Dumber of equal &•* 
ton, what is such a factor ceWad T If v\v« TiumNMR \& \«k\h«4 VciVc^ Vwk «(^iaal 
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what i* the root called 1 Wlwn resolTed into three eqaal fteton, what is the root 
called 1 What character ii used to denote the square root 1 What to denote the 
cube root 1 What b the sqaaie root tt 81 1 What is the square root of 100 1 What 
is tb^ cube root of S7 1 What is the eabe root of 8 1 Whft additional sign of mnl 
tiplication is used 1 

Before explaining the method of extracting the square - 
roots of numiDe^,- ^ve shall involve some numbers by con- 
sidering them as decomposed into units, tens, hundreds, &c. 

What is the square of 25 ? Of 35 ? 

OPERATION. OPERATION. 

25=20+ 5 35=30+ 5 

20+ 5 30+ 5 

— > . ^ • 

100+25 150+26 ^ 

400+ 100 900+150 

25^=400+200+25 35' =900 +300 +25 

By a similar method, we find , 

46^=(40+6)"=40"+2x 40.6+6'= 1600+480+36. 
54«=(50+4)«=56«+^><:50.4+4'=2500+400+l6. 
93*=(90+3)*=90''+2x90.3+3«=8100+540+ 9. 
48«=(4d+8)«=40*+2x 40.8+8'= 1600+640+64. 

From the above, we draw the following property : 

The squatfi of the. sum of two numbers is equal to the 
sqtuxre of the first number, plus twice the product of the 
first number into the second^ plus the square of the 
second. 

If we wish the square^ of the sum of three numbers, as 
6+8+9; we may unite the first and second by nreans of 
a parenthesis, thus, for 6+8+9, we may make use of 
(6+8) +9; and now regarding 6+8 as one number, the 
preceding rule for the sum of two numbers will apply to 
r6+8)+9, that is, the square of 6+8+9 is equal to the 



284 ELEMENTARY ARITHMETIC. 

square of (6+8.) plus twice the product of (6+8) into 9, 
plug the square of 9. But the square of 6+8 has already 
been shown to be, the square of 6, plus twice the product 
of 6 into 8, plus the square of 8. Hence, the square of 
6+8+9 is equal to the square of 6, plus twice the pro- 
duct of 6 into 8, plus the square of 8, plus twice the pro- 
duct of the sum of 6 and 8 into 9, plus the square of 9. 
Or in general terms, 

The square of the sutfi of three numbers is equal to the 
square of the first number , plus twice the product of the first 
number into the second^ plus the square of the second; plus 
twice the product of the sum of the first two into the third^ 
plus the square of the third. 

Continuing in this way, we could show that, the square 
of the sum 'of any number of numbers is the square of the 
first number, plus twice the product of the first nuntber into 
the second, plus the square of the second ; plus twice the pro» 
duel of the sum of the first two into the third^ plus the 
square of the third; plus ivnce^ the product of the sum of the 
first three into the fourth; plus the square of the fourth; 
plus twice the product of the sum of the first four into the 
fifth, plus the square of the fifth; and so on. 

We will now apply this general , rule to a few eac- 
amples. 

1. (2+3)"=2*+2x2.3+3«. 

2. (5+7)»=:5«+2x5.7+7«. 

3. (3+4+5)«=:3«+2x3.4+4*+2x(3+4).5+5«. 

4. (5+6+7)*==5«+2x5.6+6»+2x(5+6).7+7«. 

5. (7+8+9)*=7«+2x7.8+8«+2x(7+8).9+9". 

6. (35)«=(30+5)"=:.30*+2x 30.5+5". 

7. (47)"={40+7)«=40«+2x 40.7+7*. 

8. (365)«=(360+60+5V = 300«+2x 300.60+W+ 
2x(300+60).5+5V 
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9. (487)*= (400+80+7)»= 400»+2x 400,80 + 80^+ 
2x(400+80).7 + 7». 

The above method of squaring ^number consisting of the sum 
of two or more namberSj is elegantly illustrated geometrically ab 
Ibllows : 

The square ABCD may be en- 
larged to the square AEKF, by the 
addiuun of the two equal rectangles 
BG and DH, whose lengths are each 
equal to the side AB of the original 
square, and whose widths are eqaal 
to BE, the quantity by which the 
side of the square has been aug- 
mented, also a little square, CGKH, 
whose side is the same as the width 
of one of the equal rectangles. 

Again, the square AEKF, having Its side increased by EL, be> 
comes augmented by the two rectangles EN, FP, and the little 
square KR. Thus i^e might continue to aQgn>ent the square last 
found by the addition of two eqaal rectangles, and a little square; 
the length of each rectangle being equal to the side of the square 
whiQh is to be augmented, and the width equal to the quantity by 
which the side of the square is increased ; and the, side of the little 
square being the same as the width of one of the rectangles. The 
diagram is adapted to the case of squaring 400+80+7=487. 

133« Let us now, by reversing the above pipcess, deduce a 
rule for extracting the sqaare root. 

Let it be required to e^Ltract the square root of &27076. For the 
sake of simplicity, we will suppose we are required to find the num- 
ber of feet in the, side of a square whose area shall contain &37076 
square feet . 

The smallest number, consisting of two figares, which is 10, bo* 
comes, when squared, 100; having more than two figures. Again, 
the largest number of two figures, 99, beeomes, when squared, 9801, 
having four figures. Hence, when a number consists of more than 
two figures, and of not more than four, its square root will consist 
of two figures. By a siip^ar method it may be shown, that when 
a number consists of more than four, and of not more than six 
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fi^mres, its square root will consist of three figciies. Therefbie, if 
we separate a number into groaps of two %ares each, the nnmber 
of groups will denote the number of figures in the square root of 
that number. 

In this example, we see that there must be three figures in the 
root. 

We know that the side of the square sought must exceed 700 
Hnear feet, sjnce the square of TOO is 490000, which is less than 
fii27076 ; we ^Iso know that the side of this square must be less than 
MX) Unednr feet, since the square of 800 is 640000, which is greater 
than 527076. Hence the first, or hundi:eds' figure of the root, is 7; 
which is the greatest number whose square can be co^^taJned in 53, 
the first or left-hand period. 

If we suppose each 



H 



U 



B 



T 



B 



N 



side of the square 
ABCD to- be 700 
Unea^ feet, its surface 
will be 700 X 700= 
490000 $quare feet, 
which, subtracted 
from 527076 sqwxre 
feet, leaves 37076 
squcere feet." 

Hence it is neces- 
sary to increase the 
square ABCD, by 
37076 square feet. We 
have seen that such 
increase is effected 
by the addition of 
two equal rectangles^ and a little square. The surface Of the twd 
rectangles will evidently make by far the largest portion of the 
whole increase. The length of 'one of thdie rectangles is the same 
as the length of a side of the square ABCI>, wWch has already 
been shown to be 700 linear feet. The length of the two rectangles 
taken together will be twice 700 lifiear feet, or what wduld be the 
same thing, 700 Hnear feet added to 700 linear feet: If to BC, which 
ialCOHnear feet, we add CD, which is also 700 linear feet, we 
shall have BC +CD equaV to \4fllf) Mivwir ist^ fot the len^h of the 
two rectangles. Were we to tnuV\.\v\? \^fift \ss ^'^ "«\^^ ^aS. ^ 
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rectangle, we should obtain the namber of square feel in these 
rectangles, or nearly the ^7076 square feet which require to be 
added. Consequently, if we divide 370T6 by 1400, the quotient will 
give the approximate width of the rectangles. Using 1400 as a 
trM divisor f we find it to be contained between 20 and 30 times in 
37076; hence the secoi^d or ten's figure of the root is 2. But be^ 
sides the rectangles, there must be added the litUe square CGKH, 
each side of which is ^Unear f^et, we will therefore add 20 to 1400, 
and thus obtain 1^0 for the total length of the two rectangles and 
the side of the Utile square. Now, multiplying 1420 by 20, we ob- 
tain 28400 square feet for the total additions, which subtracted tmm 
37076, leaves, 8676 square feet. The square A£ KF thus completed 
is 720 feet on a side. 

Again, a side of this square is to be farther increased so that the 
added surface will amount to 8676 square ^t. And, as before, the 
parts added will consist of two equal rectangles and a Uitle square. 
The trial divisor, which is the sum of the length of the two new rect- 
angles, is the same as the sum of two sides of the square AEKF. 

If, now, to 1420 already found, we add 20, we shall have 1440, 
which is the sum of £K and KF, and which is our second trial 
divisor. We find this divisor contained between 6 and 7 times in 
8676; hence our third or units' figure of the root is 6. Therefore 
6 is the width of the second set of rectangles. The second little 
square KNRP, of the same width as the rectangles^ must be 6 linear 
feet on a side ; therefore, adding 6 to 1440, we find 1446 for the whole 
length of the new^ rectangles and a side of the second little square. 
Multiplying 1446 by 6, we obtain 8676 square feet as the sum of the 
series of additions to the square AEKF, thus forming the square 
ALRM, which is Jhe square sought ; each side being 726 feet. 

The above work may be arranged as follows : 

Number. Root. 

700 627076 (70OH-2OH-6=t7a& 

1400= 1st trial divisor 490000 

* 1420 37076 

1440s2d t^al divisor 28400 

1446 8676 

8676 
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If ve omit the ciphers on the righ/, the woi^ will take the follow- 
in j; condensed form : ^ 

NUICBB&. Root. 
LintarfuL Square fttt. Jj!n»arf9ei 

7 527076(726. 

14= 1st trial divisor 49 

i4& *370 

144=3d trial divisor 284 



1446 , 8676 . 

8676 



CASE L 

From the above process, we deduce the followiog rule 
for the extraction of the square root of «. whole number. 

RULE. 

/. Separate the given number into periods oftwofgures 
each^ taunting from the right tfnoards the left. When the 
number of figures is odd, it is evident that the left-hand, or 
first periody wiH consist of but one figure, 

IL Fin4 the greatest square in thefitet period^ and place 
its root at the right of the number, in the fvrm of a quotient 
in division, also place it at the left of the number. Subtract 
the square of this root frpn. the first period, atid to the re- 
mainder annesB^ the second period; the result wdl be the 

FIRST DIVIDEND. 

///. To the figure of the root, as placed at the left of the 
number, add the figure itself and the suni, with a cipher an" 
nexed, will be the first trial divisor* ^^S^ ham many times 
this trial divisor is contained in the dividend ; the quotient 
will be the next figure of the root ; this must be cidded to 
tlie trial divisor; the result will be ^Ae true divisor. 
Multiply the true divisor b%f this last figure of the root, and 
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subtract the proihcifrom the dividend^ and U the remainder 

annex the next period^ for a new DtvtDEND. 

IV. To the last trve diyisor add the last figure of tfte 

root ; the sum, with a cipher annexed^ will he a new trial 

DIVISOR. Continue to operate m before, until all the period$ 

have been brought dqwn. 

Note. — In case any 4i7idend u not so great as its trial divisor, 
we most write as the next figure of the root ; we must also place 
at the right of the divLsor, and form a new dividend by annexing 
a new period. 

EXAMPLES. 

1. What is the square root of 113906^5 ? 

OPERATION. 

3 11'39'06'25)3375 

63 9 



667 
6745 



239 
189 



5006 
4669 



'» -f 



33725 
33725 



% What 19 the square root of 1 1019960576 ? 

f Aiu. 1049761 

a. What is the squafe foot of 276793836544 ? 

^w. 526112. 

4. What is the square root of 12321 % Ans. 1 1 1. 

5. What is the square root of 63824 1 Ans, 23t. 

6. What is the square root of 30858025 ? Ans. 5555. 

7. What is the dquaib root of 16983563041 7 

<^ ' Ans. 130331. 
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a What is the square root of 85289103,7441 ? 

Ans. 923521. 
9. What is the square root of 61917364224 ? 

-Aiw. 248832. 

• CASS TL 

To extract the square root of a decimal fraction, or of a 
number consisting partly of a whole number, and ' part, j 
of a decimal, we have this 

RULE. 

7. Anneac one cipher ^ if necessary^ to th^ decimals^ w thai 
their nufnher shall be even. 

II. Then point off the decimals into periods of two figures 
eachf counting from the units' place towards the right. If 
there are whole numbers, they must be pointed off as in Case 
L Then extract the root, as in Case I. 

Note. — If the giveii number has not an exact root, there vriW be a 
remainder after all the periods have been brought down, in which 
ease the operation may be extended by forming new periods of 
ciphers. 

£XAlfPLES. 

1. What is the square root of 3486-78401 ? 

Ansi. 59:049. 
% What is the square root of 65536 ? Ans. 2-56. 
3. What is the square root ^f 0.00390625 ? 

^715.00625. 
•4. What is the square root of 17 ? i4n$. 4-123, nearly. 
^. What is the square loot of 37*5 % \ 

Ans. 6 123) nearly. 
6. Wh^t is the square root d" OOOOO 1232 1 % 

Ans. 000111. 
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. ■ .■ * 

CASE m. 

To extract the square root of a vulgar fraction,.or mixed 
number, we have this 

RULE 

7. Reduce the vulgar fraetion, or mixed numhery to iU 
simplest fractional form, 

II. Then extract the square root of the numerator and 
denominator separately^ if they have exact roots ; but when 
they have not, reduce the fraction to a decimal, and proceed 
as in Case II. 

EXAMPLES, 

L What is the square root of ||^? Ans, (. 

2. What is the square root of |iHf ^ ^^' UK 

3. What is the square toot of 4ft? Ans. 2j. 

4. What is the square rpdt of -f of |- of f of -f ? 

Ans, -^. 
6. What is the square root of 4j ? 

Ans, 2027 nearly. 

6. What is the squjare rtwt of || ? 

Ans. 0*8044 neariy. 

7. What is the square root of |f ? Ans. 0.52 nearly. 

' ' '>■ . 

EXAMPI^ES INVOLVINa 'ms PRDfCIFLEeL OF THE SQUARE aOQT. 

' - - ■ ^ ■ 

133* A triangle is. a figure having three sides, and 
consequently three angles. 

When one- of the angles is right, like the comer of a 
square, the triangle is called a right-angled triangle, Jo 
this case the side opposite lYie tv^X «si^<^ \^ ^-^^ *^^ 
hypotenuse- 
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It is an established proposition of geometry, that the square 
if the hypotenuse is equal to the sum of the squares of the 
Mer two sides. 

From the above proposition, ii follows that the square, of 
the hypotenuse^ diminished by the square of one of the sides^ 
equals the square of the other side. 

By means of these praperties, it follows that two sides 
of a right-angled triangle being given, the third side can 
be found. 

EXAMPLES. 

1. How^lortg must a ladder be, to reach to the top of a 
house 40 feet high, when the foot of it is 30 feet fh)m the 
house? 

In this example, it is obvious that the ladder forms the 

hypotenuse of a right-angled triangle, whose sides are 30 

and 40 feet respectively. Therefore^ the square of the 

length of the ladder must equal the sum of the squares 

of 30 and 40. 

30*= 900 
40» = 1600 

V26 00=50, the length of the ladder. 

2. Suppose a ladder 100 feet long, to be placed 60 feet 
from the roots of a tree , how far up the tree will the top 
of the ladder reach ? ■ ^ Ans, 80 feet 

3. Two persons start from the same place, and go, the 
one due north, 50 miles, the other due west, 80 miles. 
How far apart are they ? Ans, 94*34 miles, nearly. 

4. What is the distance through the opposite comeis 
of a square yard ? Ans, 4*24264 feet, nearly. 

5. The distance between the lower ends of two equal 
rafterB, in the diffewtxt ttv^e% o\ ^ x<iQ!^^>a VI feet^ and the 
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height of the ridge above the foot of the rafters is 12 feet. 
What is theJength of a rafter? Ans. 20 feet. 

6. What is the distance measured through the centre 
of a cube, from one comer to its opposite corner, thexube 
being 3 feet, or one yard, on a side ^ 

Ans. 6*196 feet, nearly. 
We know, fromike principles of geometry ^ that all similat 
surfaced, or areas., are to each other 0S the squares of their 
like dimensions, 

7. Suppose we have two circular pieces of land, the one 
100 feet in diameter, the other 20 feet in diameter. How 
much more land is there in the larger than in the smaller? 

By the above principle of geometry it follows, that the 
quantity of land in the two circles must be as the squares 
of the diameters, that is, 100* to 20*, or ad 25 to 1. 
Hence, there is 25 times as much in the one piece as 
there is in. the other, 

8. Suppose, by observation, it is found that 4 gallons of 
water fiow through a circular orifice of 1 inch in diameter 
in 1 minute. How many gallons would, under similar 
circumstances, be discharged through an orifice of 3 inches 
in diameter, in the same length of time? 

Ans. 36 gallons. 

9. What l<Higth of thread is requited to wind spirally 
around a cylinder) 2 feet in circiimfenmce and 3 feet in 
length, so as to go but oaee around ? 

It is evident that if the cylinder be developed, or placed 
ugoa a plane, and caused to toll bnoe over, that the con- 
vex surface of the cylinder will give a rectangle, whose 
width is 2 feet, and length 3 feet; at the same time the 
thread will form its diagooal Hence^ the length of the 

thread is ^A+9 = V l^ =3'60«55 fce^^iJ^tl^. 
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EXTRACTION OF THE CUBE ROOT. 

184;« Wk wiU first involve a number to the third 
power, that is, we will find the cube of that number. 

Let the number be 45. 

46'=46>< 45x45=91 125. But we will separate this 
number into parts; that is, into tens and unitSy and show 
bj the aid of the exponent and the symbols, how the cube 
of the number when thus separated is ^obtained. 

OPERATIOIf. 
40+5 

,40 +5 

40'+4a.5 
+40.5 +5« 



40*+2 X 40.5+5"=the square of 40+5. 
40+5 

40'+2x40«.5+ 40.5* 
+ 40«.5+2x40.5«+5' 

40»+3 x40*^+3 X 40.5«+5»=rcube of 40+5. 

By a simiUix prQcess we shall obtain 

(6+8)«=6»+3x 6^8+3 x6.8*+8'. 

That is, the cube of the sum vf two numbers is^ the cube of 
the first number, plus three times the product of4he square 
of the first number into the second^ plus three times the pro- 
duct of the first into the 'square of the second, plus the cube 
(f the second. * , 

If we wish the cube of the sum of three numbers, as 

6+8+9, we may unite the firet and second by means of 

a p^wnthesis : ttius, fot ^^%-V^^'^^ xaa.^ xM^kft use of 
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(6+8) 4-9, and regarding (^+B) as one number, we find, 
according to the foregoing statement, that the cube of 
(6+8)+9 is equal to the cube of (64-8) plus three times 
the product of the square of (6+8) into 9, plus three time;fs 
. the product of (6+8) into the square of 9, plus the cube 
of 9. But the cube of 6+8, has already been shown to 
be equal to the cube of 6, plus three times the product of 
the square of 6 into 8, plus three times the product of 6 
into the square of 8, plus the cube of 8. Hence the cubji 
of 6+8+9 is equal to the cube of 6, plus three times the 
square of 6 into 8, plus three times 6 into the square of 8, 
plus the cube of 8 ; plus^ree times the square of the sum 
of 6 and 8 into 9, plus three times the sum of 6 and 8 
into the square of 9; jdus the cube of 9. And in generaly 
we have the cube of the sum of any numB^r of numbers equal 
to the cube of the first number ^ plus thre^ times the square of 
the first number into the second^ plus three times the first 
into the square of the second^ plus the cube of th^ second ; 
plus three times the square of the sum of the first two into 
the third, plus three times the sum of the first two into the 
square of the third, plus the cube of the third ; plus three 
times the square of the sum of f he first three into the fourth^ 
plus three times the sum of the first three into the square of 
the fourth, plus the cube of the fourths and so on. 
Thus: 

(2+3)»=2»+3x2«.3+3x2.3«+3l 
(5+7)»=5*+3x6*.7+3x5.7«+7l 
(5+6+7)'=5»+3 x6«.6+3 X 5.6«+6» 
+3 X (5+6)«.7+3 X (5+6).7>+7». 

(365)^=(30G+60+5)»=300»+3x30a*.60 
- +3 X 3G0.6(y'+60»+3x (300+60)«.5 
+3x(300+60).5"+5». 
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V maf b« illostraled gBometricalt; ai fit 




Let It be reqoirad to eube 45, Ibe number before emploTcd. 
To ilmpUff ihe iUnsLratioo, suppose we are required to find 
the nnmber of cubic laches in a cube whose siile is 45 inchei. 
BepanilDK 46 into Fif.i. 

40+^ we wUl BDp- 
pou the cube, (% 
1,) to be 40 inches 
«aaiide; Ihen40x 
40x40 will give the 
•did etmieDta of this 
cnbe, icptesented bjr 
40*. 

Ijetfig.Sreprewnt 
the cabe increased 
by three equal ilnjs ; 
then 3 (the nninber 
VC tUbs) limes 40> 
(the sDrface of one of 
ibe atabs,) multipiled 
by 5, the thickness of 
« Blab, will give the 
K)lld contents of the 
itabs, repreiieoted bj 
Sx40'^. 

Let llg. 9 represent 
Ibe aolld, (as in %. 
S,^ fliriher inereased 
bjfim tqttol comer 
pieces ; then 3 (the 
Bmnber of cornet 
pieces)tiine3 40(ibe 
length of one eor- 
Her piece) multiplied 
into S*, the surface 
oranendofaeomer 
fitne, will give the solid contents of the 



;Ll^' 



.,',B ^^y ^ 

' J 34000 
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Ef I flg. 4 npreseui 
Oe solid (as in Sg. 3) 
ftirther incnased by a 
Utic earner cuie, each 
dda of vhich is 5 
tacbea; tben 5x5x5 
vill gtre tbe solid cnu- 
lents of this cnb«, np- 
naented bj S*. 

Then the uMe cube 
i vOi be 



■I iiiiiiBJ 

ill !:'■ 



w eudearor to dednu a rn^e for Ibe extracdoa 



tepraenied by «'=40>+3x40'5+3x405'+S' 

^64000+34000+3000+125=91139. 

■ Stt. We-wiUni 
of the Cnbe Root. 

Let it be reqnired to find the cube n 

For the sake of simpUcitf, we will suppose 3S26S717S to dcuxe 
0w iminber of cubic feet in a feometrical cube ; we are n<]niied to 
And the Domber of linear feet in a side of this cnbc, that is, the 
length of one of iU sides. 

We will first inquire how man; figures the root will hare. 

The BinalleBt number, consisting of two figures, which is 10, be- 
eomes, wbm cnbed, 1000, having moie than three figares. Again, 
tte latest Dumber, 99, which consists of two figures, bec(»nes, 
when cnbed, 970399, which consists of sii figures. Hence, when 
annmber consists of more than three figures, and Dot of more than 
six, its cnbe root vill consist of two figures. By a simitar method 
It Ktay be shown, that whan a number consists of mote than six, 
■sdof not more than nine figtrM, its cube tool will consist irf' three 
Bpuea. Therefore, if we separate a noiBber into groups of three 
fgnres each, the namber of groapa will dcDote the number of 
figures in the cube root of that nnmber. 



In the preaent ei 



mple, we know that ^re tmisi be three flgnies 



We know that the side of the cnbe son^ mnst eicMd TDOIuuu' 
feet, since the cube of "nw Is 343000000, which is less than 389067176, 
we also know ^lat the side of this cube mnst be less than 800 Immt 
JmV siDM tbe cnbe of 800 Is 51iXI0000O, which is greater tbw 
aBBBBTLTG. Bcnce the first figtire of our root, or the flgm te the 
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hondred's place is 7; whose cube, 343, 1> the grealesl cube ojb 

Uined in 382, Ihe first, or lefl-hand 

period. If we suppose each side 

of tlie ca be, represented by figure I, 

10 b« 700 HMar feel, one of the 

equal (aces, as the upper face 

DEFG, will be denoted by 700 x 

•nO=&0000 sfuart feet. Tbe folid 

eoDtenta of-tbe cube will be repre- 

■enied by 'J0Ox7O0=4900OOx7OO 

=343000000 cu^ feet. Subtracting 

343000000 cuAk feet froin3836571T6 

eaiic feet, we find 39G57176 cvMc feel for a remainder. 

Hence it is nece^^aiy to increase ihe cube, figure 1 , by 3965717B 
«iiu:leet We have seen (Art. 134) that such increase is effected 
by Ihe aJdiiion of three equal slais, ihree equal corner pieces, and an 
additional cute; and that the contents of the three s^wUimalM 
by far the lar^st portion of the whole increase. 

The number of square feet in the 
ftce of one of these slabs will be 




Pi«,9. 



the Si 



sihe n 






n the face of Oie cube, figure 
I, which has already been shown 
to be 490000 sqvATi feet. The 
surface of the three slabs will be 
Ihree times 490000 tquare feet ; or, 
which would be the same thing, 
Iwioe 490000 igvart feet, added to 
490000 »?ti*i™ feel.* If to AB, (figj 
1,) which is 700 Hwar feel, we add BC, which is also 700 Ii«Mr fee% 
we shall have AB + BC equal W 1400 iinniT feet, which, mulUplied by 
DB, equal to 700 Uitear feel, will give 9S0000 square feel, for the area 
ABDG+BCED,wbich. added to DEFG, which is 490000 sjiu-c feet, 




mtitj bj eMimf u on mInUf 
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rill give 1470000 square feet, for the area of three faces uf (he cabe, 
fi^re 1, which is the same as the aiea of the ihiee slabs. Were we 
to mall[plj 1470000 b; the thickness of the slabs, we should obtain the 
nittc feet in these slabs. And since the contents of the slabs maks 
ne*rl7 the whole amount added, it follows that 1470000 mnltiplied 
bfithe thickness of slabs, will gire nearly 39657176 cubic feet. Cod- 
sequenllf, if we diride 39657176 by 1470000, Ifie qnotienl will give 
the approximate thickness pf the ijoji. Using 1470000 as a (rial 
divim\ we find it to l>e conuined between SO and 30 times in 
39657176; hence the seconder tens' figure of tbe root is 3. 

We lave already remarked that 1470000 nniltil>lied by SO, the 
thjckaeas of the doit, will give their solid contents. Bat besides 
the ilais Ihere naust be added three comer pieces, each of which 
is 700 feet long, and of the same thickness as the itois, that is, 90 
bet Since each comer piece is the same length as a side of the 
cube, figure 1, it follows that adding 700 to 1400 or 700+700, the 
sum 3100 will represent the total length of the three amier^iecet. 
Wete we fo multiply SlOO bySO, we shoald obtain the area of the 
tluee eorntr pieces, which might 
be added to 147D00O, the area of 
the three flof J. But, since theiei.s 
also to be added a litth cv^, each 
of whose sides is 20 Uruar feet, 
we will add SO to 2100, and thus 
obtain 3130 for the total length of 
the three comer pieces, and of a 
tide of the little cube. Now, 
mtdtiplying 2130 by 30, we ob- 
tain 43400 ipfare feet for the soi- 
face of the three comei; pieces 

and a face of the little cabe ; which, added to 147000, the number 
ofsquare feel in the facesof the three slabs, will give 1513400 sjuan 
feet in all the additions. If we molliply 1613400 by 30, the thick- 
ness of these additions, we shall obtain 30S48000 mUi: feet for all 
the additions, which, snbtracied from 396S717S, leares 9109176 cmtw 
leeL The cube thu completed is 790 feet on a side, and Is repre- 
Muted b; Ggnie 4. . 
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The mrfatM now obtained ma^ be repreaeutml (ifan a,) bf tbt 
puu fatdnded wiiUn tbe Jbcotiy lioei. The three dlTirioni ot tha 
Sgnre, taicladlDg thedg<(«dli]ies,inaj'betiippoeed tobethieeMiirt 
Ikeei of the cnbe, figaie 4. 

But ttda cnbe la to be fimber 
Inenased \tj WOVK mUe feet 
And as befiHv, the parti added 
will conaiat or ihne equal il^i, 
three equal eanwr puf, and a 
Utile Gttte. The (rial divisor, 
vhicb la the area of ihe faces of 
the three slabl, is the same as 
three times the area of a face of 
the cdbe, 6gan i, each of vhose 
sides la 790 feet. 

Nov to obtain this area, we 
bare odI; to add lo'the anrfaers already Obtained, and ivpresented 
within the heav; linea, (figure a,) three rectangles, each ?00 ftet 
I7 90, and two little squares 90 feet by 30 (eel. 

If to 3190. a number which we already have, we add 90, we 
ahall obtain 9140, the tnear extent of the rectangles and squares 
desired, as in the dotted portions, (fignre a.) And as these dotted 
portioai have all the same width of 90 feel, if we mnlliplr 9140 
by 90, we diall obtain 43800 lyuare feet for the area of [he dotted 
poition, (Sgnre a,) whidi, added to IMHOO, the area of the parts 
faclnded witbio Ae taeavy lines, will gtvc 15H900 tgiurr feel 
fbr the area of three slabs, each equal to one f^ee of the cnbe, 
(figure 4.) This will be a second IWoJrfmair. Wefind dlsdlrlsot 
conlalBod betweeQ 6 and 7 times in 9400176; hence oar third flgnt« 
ofrJie root, or the flgnre in tile nnW Y\»De,\»ft. ■^ras^eto mnt- 
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iUb$, But before multipljing, we will increase that sum by tlit 
solace of the second set of comer pieces^ and of the second UtUe cube. 
The lengt^of each comer piece is the same as a side of the cnbCi 
figure 4^ which is 7^ feet ; hence, adding 90 to 2140 already found, 
we obtain 2160, which, being 3 times 720, will be the linear extent 
of the three comer pieces. Were we to multiply 2160 by 6, we 
should find the sfurface of these three comer pieces, but as we wish 
aisp the axesL of one of the faces of the second UtUe cube^ we add 6 
tQ 2160, 9nd tl^ns obtain 2166, which, mnltij^ed by 6, wUi give 
12996 for surface of second set of corner pieces , and of second UUk 
mOei this Added to 1565300, gives 1568196 for the surface of the 
whole second series of additions. Multiplying 1568196 by 6, we 
obtain 9409176 cu^ feet, tirhich have tha^ been added to the cube 
lepresented by figure 4 ; hence the cube whose side is 726 feet is the 
one sought. The above work may be arranged as follows : 

1«T coLUMM. 8d coLvmr. itumbbeI root. 

LiiuarfeeL Square fut, OtAiefBeL. Linmrfmi. 

700 490000 382667176 (700+204-6s796 

1400 1470000=l8t tr. divisor, 343000000 

2100 1512400 39657176 

2120 1555200=2d tr. divisor, 30248000 

2140 1568196 9409176 

2160 9409176 

, 2166 

If we omi. the ciphers on the right, and omit uaneeeesary tenn% 
dhe woKk will ]tak^ the following condensed fomn : 

IST OOLXrillf . 8b OOLtrMM . BIMBiR. Itoot.' 

7 49 , . 382667176(726. 

14 147=lst trial divisor, 346 

212 15124 3^7 

314 1555d=2d trial dfvisor, 30248f 



2166 1568196 9409176 

9409176 



% 
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Note. — In the extraction of the cube root, as just illustrated, it 
will be noticed that each divisor is a geometrical surface ; that is 
to say, the product of two dimensions, width and breadth, for ex- 
ample; and of coarse the quotient mast be the other dimension, 
that is, the thickness. 

But it is important to remember that it is only squares and cubes, 
square roots and cabe roots, that can have any relation to geomd- 
Heal ditiiensioDs ; any higher power of a number as 4*, or any other 
root as -f^t cannot be illustrated by blocks. The prindpte, therefore, 
of involution and evolution is^ strictly speaking, independent of sar- 
faces and solids ; it is purely arithmetical. , 

From the foregoing demonstration we may deduce the following 



RULE. . , 

/. Separate the number whose root is to be forjmdy into 
periods of three figures each^ counting from the units^ place 
towards the left. When the number of figures is not divisible 
by 3, the left-hand period will contain less than 3 figures. 

IT. Seek the greatest figure whose cube shall not exceed 
the first or left-hand period ; write it after the manner of a 
quotient in division for the first figure of the root. Place 
this figure for the head of a first left-hand column^ and its 
square for the head of a second left-hand column^ and sub- 
pract its cube from the first period. To the remainder bring 
down a second period f^r the first dividend. Add tke^ 
figure in the rota to the term of jthe isT oolttmn already 
fwnd^for its neont term^ which multiply by the same figure^ 
and add the product to the term already found in the 2d 
COLUMN, ybr its next term, which wiU be a trial divisor. 

///. Find how many times the trial divisor^ with two 
ciphers anjiexed, is contained in the dividend ; write the quo- 
tient for the. next figure of the root. Annex this figure to 
tke iasi term of the \st covvims^.^ after having added to that 
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term the preceding quotient figure ; this will give the neat 
term of the Isx column. Multiply this term by the last 
found figure in the root^ and add the product, after advancing 
it ttDO places to the right, to the last term of the 2d column^ 
for its next term. Multiply this term by the last found 
figure of the root, and subtract the product from the dividend^ 
and to the remainder bring down the next period for a n£w 

DIVIDEND. 

Proceed as before until all the periods have been brought 
down* 

Note 1. — ^When any dividend is not so great as the corresponding 
trial divisor with two ciphers- annexed, write for the next figure 
of the root, and to the dividend bring down the next period. Use 
the same trial divisor as before, but with /our ciphers annexed. . 

Note 2. — The trial divisor, being less than the true divisor, will 
sometimes give too large a quotient figure; when the multiplica- 
tion of the true divisor by this figure shows such to be the ca^e, this 
figure must be made smaller. 

Note 3.— By the above rule, which is difierent from the rule 
usually given by the aid of geometrical diagrams, we have managed 
to keep distinct all the geometrical magnitudes; thus our first 
column represents the numerical values of lines, the second column 
represents the numerical values of surfaces, apd the third coliinm' 
corresponds to solids. And, as we are never required to multiply 
by any number greater than is expressed by a ^nglci digit, the labor 
of multiplying and adding results to the terms of the successive 
columns is far simpler than at first might be ^ipposed. 

By nieans. of these auxiliary columns the work bears a close 
analogy to Q!omer*s method of solving numerical cubic equations, 
(See Treatise on Algebra.) The use of auxiliary columns be- 
comes very apparent in the extraction of roots of the higher orders^ 
as the fifth root, the seventh root, &c. 
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What is the cube root of 9135172474836408991 



liT CoLum. 8d OoMnnr. 



9 

18 

277 

284 
29102 

29104 
291069 

291078 
2910879 



81 



OPERATION. 

NuvBBR. Root. 

913'5ir247'483'640'899(970299 
729 



243 184517 
26239 183673 


28227 
282328204 


844247483 
564656408 


282386412 
28241260821 


279591075640 
254171847389 


28243880523 
2824414250211 


25419728251899 
, 25419728251899 



^ What is the oube root of 10077696 ? Ans. 216. 
3. What is the cube root of 2357947691 » 

Ans. 1331. 

^ 4. What is the oube root of 42875 1 Ans. 3& 

6. What is the oube root of 1 17649 ? Ans. 49. 

& What is the oube root of 7256313856^? AnsA9B^ 

CASE XL 

To extract the cube root of a decimal fraction, or of a 
number cQnsisting partly of a whole ;mmbet ai^ partly 
pf a decimal, we have this . 

RULE. 

/. Annex dphsrs to the decimals^ if necessary j^ so thot 
iksf mojf he ^epcrroled into equal yxiods. 
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//. Separate the decimals into periods of 3 figures each 
counting from the decimal point toward the right, and proceed 
as in whole numbers. 

NojB. — If the given number has not an exact root, there will be a 
remainder ailer all the periods have been brought down. The pro- 
cess may be continued by annexing ciphers for new periods. 



EXAMPLES. 

1. What is the cube root of 0-469640998917 ? 

Ans. 0-7773, 

2. What is the cube root of 18-609625? Ans. 2-65. 
8. What is the cube root of 1-25992105? 

Ans, 108005. 

4. What is the cube root of 2 ? . Ans. 1-2599. 

5. What is the cube root of 9 ? Ans. 2-08008. 

6. What is the cube root of 3 ? Ans. 1-4422. 



CASE m. 

To extract the ctibe root of a vulgar fraction, or mixed 
number, we ha-'^e this 

RULE. 

/. Reduce the fraetum of mixed number^ to its simplest 
fractional form, 

, IL Extract the cube root cfthe numerator and denomtna" 
tor separately^ if they have exact roots, but when they have 
not J reduce the fraction to a deeinudy and then extract the 
root by Case IL ^^^ 
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\ 

EXAMPLES. 

1. What is the cube root of ffH? Ans, ^, 

2. What is the cube root of MWa ^ ^ns. If. 

3. What is the cube root of 17i? Ans. 2-577, nearly, 
4 What is the cube root of 5-f? Ans. 1*726, nearly. 

5. What is the cubfs root of |+ ? Ans, 0-9353, nearly. 

6, What is the cube root of f ? Ans. 0-873^ nearly. 



EXAMPLES INVOLVH^O THE PRINCIPLES OF THE CUBE RC/Ol 

ISO* It is an established theorem of geometry^ that aR 
similar solids are to each other as the cubes of their hk$ 
dimensions. 

1. If a cannon-ball, 3 inched in diameter, weigh 8 
pounds, what will a ball of the same metal weigh, whose 
diameter is 4 inches ? 

By the above theorem, we have 

3* : 4* : : 8 pounds : 18|f jjounds, 

for the answer. 

2. The celebrated Stockton gun, which, in bursting, 
inroved so fatal to many of our distinguished citizens, is 
said to have carried a ball 12 inched in diameter, which 
weighed 238 poimds. What ought to be the diameter of 
another ball of the same metal, which should weigh 32 
pounds? 

^X 12'=:232-336 inches nearly=pube of the diameter 
o/the ball soughiU 
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Hence, 1^232 336=61476 inches neady, the diameter 
of the 4}all required. 

3. A cooper having a cask 40 inches long and 32 inches 
at the bung-dianieter, wishes to make another cask of the 
same shape, which shall contain just twice as much. 
What will be the dimensions of the new cask ? 

c 40^2=50-3968 inches, nearly, for length. 
' f 32>^2=40-3175 inches, nearly, for diameter. 

4. What is the side of a cube, which will contain as 
much as a chest 8 feet 3 inches long, 3 feet wide, and 2 
feet 7 inches deep ? Arts. 47-984 inches, nearly. 

5. How many cubic quarter inches can be made out of 
a cubic inch ? Ans. 64. 

6. Required the dimensions of a rectangular box, which 
shall contain 20000 solid inches, the length, breadth, and 
depth being to each other, as 4, 3, and 2. 

SOLUTION. 

^*H^xixiXi=^^, whose cube root is 5if^=: 

9-4103, nearly. 

r9-4103x4=37-6412, length. 

AnsU 9-4103 x 3=28-2309, breadth. 

1 9 4 1 03 X 2 = 1 8 -8206, depth. 

Or, as follows : 

If we were to augment the width of this box, so as to 
make it as wide as it is long, its volume would become 
\ of 20000 =26666|. Again, if we augment the depth 
of this new box, so that it may be as deep as it is wide, 
and as it is long, its volume will become 2 times 26666f 
=53333^, which is the contents of a cubical box, whose 
side is equal to the length of ihA oil!^^.l \^»» ^<Q!Bfij^^ 



« 
* 
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if^6338H=37*64l, nearly, fat the length. The width if 
f of this length, and the depth is i this length. 

Note. — For a more complete treatise on the square and cube 
root, as well as the roots of all powers, see EUgker Arithmetic. 



ARITHMETICAL PROGRESSION. 

1S7* A SERIES of numbers, which succeed each other 
leguldrly, by a common difference, is said to be in carithr 
metie<d progression, . 

When the terms are constantly increasing, the series is 
an arithmetical progression ascending. 

When the terms are constantly decreasing, the series 
is an arithmetical progression descending. 

Thus, 1, 3, 5, 7, 9, &c., is an ascending arithmetical 
progression ; and 10, 8, 6, 4, 2, is a descending arithmet- 
ical progression. 

The terms of an arithmetical progression may be fiao- 
tionaL Thus, in the progressions, 

i, 1, li, 2, 2*, 3, 3i, 4, 4+, &0.1 
i, t 1, H, 11, 2, 2i, 2|, 3, &c. 

. The first has a common dijRsience of ^ ; the seeondhaa 
a common diSerenoe of -i*. 

In arithmetical piogression, there are five things to be 
eonsidered: ^ 

1. The first term. 
2. Tkskutterm. > 
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3 The common difference. 

4 TTte number of terms. 

5. The sum ofaU the terms. 

These quantities are so related to each other, that any 
three of them being given, the regciaining two can be 
found. 

We will demonstrate one or two of the most important 
cases. 

When an iratnben m ■Tlth«MU«a] profrentoA t When fa tlw prognnion awend- 
in^l When b it dMoendinf 1 An the BOmben 1, 3, 5, 7, 9, Ice., in eieendinf or 
doeeending arithmetical progreaion 1 Mention the five qnantitiet to be eemideired in 
arithmetical progrenioa. H«»w riiany of then must he given in order t^ he able to 
find the otbenl 

CASE J. 

<■ \ , , . ' ' - • ■ 

BjT our definition of an ascending arithmetical progte^- 
sion, it follows that the second term is equal to the first, 
increased by the common difference ; the third is equal to 
the first, increased bj twice the common difference ; the 
fourth is equal to the first, increased by three times the 
pomxnon difference,; and so on, for the succeeding term. 

Hence, when ,we have given the first term, the common 
diffetence, and the number of tenn^, to find the last tenn, 
we have this 

. * - ■' 

RULE. 

7*49 the first terni add the product of the common difference 
into the number of terms, less one. 



310 BI.BMENTART ARITHMETIC. 

EXAMPLES. 

1. What is the 100th term of an arithmetical progres- 
sion, whose first term is 2, and common difference 3 I 

In this example, the number of terms, less one, is 99, 
which, multiplied bj the common difference^ 3, gives 297, 
which, added to the first term, 2, makes 299 for the 100th 
term. 

2. What is the 50th term of the arithmetical . jrogres- 
siop, whose first term is 1, the common difference ^ ? 

Anj. 251. 

3. A man hnys 10 sheep, giving $1 for the first, (3 for 
the second, $5 for the third, and soon, increasing in arith- 
metical progression. What did the last sheep cost at that 
rate? ^n^. $19. 

4. The first term of an arithmetical progression is f the 
common difference i, iaind the number of terms 26. What 
is the last term? Ans. 3f. 

CASE n. 

From the nature of an arithmetical progression, we see 
that the second term added to the next to the last telrm is 
e^ual to the first added to the last ; since the second term 
is as much greater than the first, as the next to the last is 
less than the last. After the same method of reasoning, 
we infer that the sum of any t^yo terms equidistant from 
the extremes, is equal to the siux^ of the extremes. 

Hence, it follows that the terms will average just half 
the sum of the extremes. 

Therefore, when we have given the first term, the last 
term, and the number of terms, to find the sum of all the 
torms, we have thva ' 
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BULB. 

Multiply half the sum of the extremes hy the number of 
terms, « 



1. The first term of an aritlmietical progression is 2, 
die last tennis 50, and the number of ieims is 17. What 
i» the sum of all the terms ? ( 

In this exe^mple, half the sum of the extremes is 

*of(2+50)=26. 

This^ multiplied b J die numl}er of terras, gives 26 x ir= 
442, for the sum required. • 

2. The first term of an arithmetical progreission is 13, 
the last term is 1003, the number of terms is 100. What 
is the sum of the progression ? Ans. 50800. 

3. A person travels 25 days, going 11 miles the first 
day, 135 the last day ; the miles which he traveled in the 
successive days, form an arithpastical progression. How 
far did he go in the 25 days ? Ans. 1825 miles. 

4. Bought 7 books; the prices of which are in arithmet- 
ical progression. The price of the first was 8 shillings, 
and the price of the last was 28 shilling. What did they 
all come to? Ans. £6 6s. 

6. What is the sum of lOOO terms of an arithmetical 
progression, 'whose first term is 7 and leust terra 1113? 
' . ' jln*. 560000. 

6. The first term of an arithmetical progression is f , 
and the last term 365f , and the number of terms 799. 
What is the sum of all the terms? Ans. 146217. 
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QEOMETBICAL PROQEESSION 

138» A SERIES of numbers which succeed each other 
regularly, by a constant multiplier, is called a geometrical 
ftogressi&n. v " ^ 

This constiint factor, by which the siicces(^ive terD)8 
are multiplied, is called the rcnio. 

When the ratio is grater than a unit, the senes is 
called an ascending geometrical progressioh. 

When the ratio is less than a unit, the series is called 
a descending geometrical progression. 

Thus, 1, 3, 9, 27, 81, &c:, is ftn ascending geometrical 
progression^ whose ratio is 3. 

And, 1 j^j iV) -^i ^<^t is & descending geometrical pn>- 
gression, whose ratio is j-. 

la geometrical progression, as in. arithmetical progress 
don, there are five things to be considered.. 

1 The first term. 

2. The last term, 

3. Thtt common f€Uio, 

A. The number qf termsy 

5. The sum of all the terms* 

These quantities are so related to each other, tbat any 
three being g'iven, the remaining two can be found. 

The solution of some of these cases requires a knowledge 
of higher principles of mathematics than can be detailed 
by arithmetic alone. 

We will give a demonstration of the roles of one or two 
of the most important cases. 
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WbflB am mmbMi rtPfe m a Mi wJ pnpamkn | What ii the constant fiietor, bg. 
whidi the raeoewive terms aw mnhiplied, ealledl When this ratio exeee^ a onil^ 
tbeprocT«Mion is eiUed what) WlieBihisraliaikksslliaaainlt,hofw isihe|a»> 
g ess inn ealMI GsvetneminpleW an aseeBduig feonetrical pnf;ression1 Give 
9M aaauaplm c^a deseending fsometrical profression. How nany qoiniities are to he 
lUered in fsbnetrieal progression t MMfWt these qnantMesk Utaw mteaj df 
noet he fcnowtt to< eaahle as to find the otheni 



0A8B L 

By the definiticm of a geometrical progression, it follows 
* that th^ secoiid term is equal to the first term, multiplied 
bj the ratio ; the third term is equa^ to the first term, mul- 
tiplied by the second power of the ratio ; the fourth term 
is equal to the first term, multiplied by the third power of 
the ration and so on, for the succeeding terms. 

Hence, whea we have given the first term, the ratio, 
and the nui^ber of terms, to find the last term, we have 
this 

Multiply the first term by the pou>erofthe ratiOj whose ea^ 
ponent is one less than the nunUfer of terms. ^ 

EXAMPLES. 

1. The first term of a geometrical progression is 1, the 
ratio is 2, and the nuinber of ter^aas ia 7. What is the lasl 
term^ 

In this sample, the power of the ratio, whose exponent 
is one less than the number of terms, is 2* ==64, which, 
multiplied by the first term, 1, still remains 64, for the last 
term. 

' 2. The first term of a. geometrical progression is 5, the 
ratio is 4, and the number of terms 9. What is the last 
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I 



3. A person traveling, .^oes 5 miles the' first day, 10 
miles lae second day, ,20 mile^ tbe third day., and so on, 
increasing in geometrical progression. If he continue to 
tni^rel in this way for 1 days^how far will he go the last 
dayl ^ iLiiA\ 320 miles. 



CASE n. 



Let it be required to find the sum of all the term? of 
the geometrical progression 2, 6, 18, 54, 162, 486. 

If we multiply each term by 3, which is the ratio, we 
shall obtain this second progression, 6, 18, 54, 162, 486, 
1458, the sum of whose terms is obviotisly 3 times as 
great as the sum of the terms of the fir^t progression. 
Consequently, the difl!erence between the suras of the 
terms of these two progressions is (3--l)=2 times the 
sum of all the terms of the first progression. If we omit 
the first term of the first progression, it will agree with 
the second progression, after omitting its last term. 
Hence, the difiereqoe between the sums of the terms of 
these two progressions may be found by subtracting 2, * 
the first term of the first progression, from 1458, the last 
term of the second progression^ but 1458 was obtained 
by multipl3dng 486, the last term of the first progression, 
by 3, the rati6. 

Hence, we finally obtain this c^dition : 

That the sum of all the terms of a geometrical progres- 
sion^ repeated as many times as there are units in the ratio, 
less one J is equal to the last term multiplied by the ratio, and 
diminished by the Jlrst term. 

Therefore, when we have given the first term of a geo- ' 
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metrical pr(%reEssion, the last term, and the ratio, to find 
the sum of all the tenuB, we have this 

RULE. 

Subtract the first term from the product of the last teim 
into the ratio ; divide the remainder by the ratio, less one. 

EXAMPLES.' 

1. The first term of a geometrical progression is 4, the 
iEst term is 78732, and the ratio is 3. What is the sum 
o( all the terms ? 

In this example, the first term subtracted from the 
product of the last term into the ratio, is 236192, which, 
divided by the ratio, less one, gives 118096, for the sum 
of ail the terms. 

2. The first term of a geometrical progression is S, the 
last term is 327680, and the ratio is 4. What is the sum 
of all the terms ? ^ An*. 436905. 

3. A person sowed a peck of wheat, and used the whole ^ 
crop for seed the following year; the produce of; this 
second year again for seed the third year, and so on. If 
in the last year, his crop is 1048576 pecks, how n^ny 
pecks did he raise in all, allowing the increase to have 
been in a fourfold ratio? Ans, 1398101 pecks. 

139. When the ratio of a geometrical progression is 
less than a unit, the first term will be the largest, and the 
last term the least ; the progression will, in this case, bo 
descending ; but if we consider the series of terms in a 
reverse order, that is, calling the lasc term the first, and 
the first the last, the progression may then be considered 
as ascending. 

If a decreasing geometrical ptogt^%«vQr^\5fc ^qjsjx^xssn!^ ^s^ 
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an infinite number of terms, we may tieglect the last term 
as of no apfNreciable value; we can find its sum bj 
Case IL, when it is modified, as follows : 

Given the first term of a descending geometrical pro-, 
gression, and the ratio, to find the sum of all the termS| 
when continued to mfinity. 

^ RULEL 

Divide the first term hy a unit diminished by the ratio. 

EXAMPLE. 

1. What is the sum of all the terms of the infinite series 

In this example, a unit, diminished by the ratio, is 
1— -i-^-j^jand the first term, 1, divided by i, gives 2, for 
the sum of all the terms. 

2. What is the sum of the infinite series 1, -J, +, -sV, 
&c. ? ^ Ans. l-jt* 

8. What is the sum of the infinite series y\^, yf t, ti^tt> 
~^T, A/C? Ans,}. 

4. What is the sum of the infinite series ^, yf 7, tAti 



ALLIGATION. 



140* Alligation is generally treated under two dis- 
tinct heads, called Allegation Medial and Allegation Alter- 
note. The latter, howevet, belongs properly to the prov- 
ince ofAlgebm 
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ALLIGATION MEDIAL. 

141 • AujaATioN Medial teaches the method rf 

finding the mean value of a compound, when its seveial 
ingcedients and their respective values are given. 

WhMt M Alligation If ediftll 

Suppose a grocer mixes 14.0 pounds of tea, wh4^h is 
worth Ss. per pound; 200 pounds, worth 6^. per pound; 
and 160 pounds, worth 10^. per pound. What is a pound 
of the mixture worth i 

140 pounds of tea, at 8^. per pound, is worth 140 x 8 2= 
1 \Ws. ; 200 pounds, at 65., is worth 200 x 6= 1200*. ; 160 
pounds, at 10*., is worth 160x10=1600*. Therefore, 
the mixture, which fs 500 pounds, is worth 1120+ 1200+ 
1600=3920*. Hence, one pound of the mixture must be 

worth -^1^=7^*. 

Hence, to find the mean value of a compound, composed 
of several ingredients of differ^it values, we have this 

RULE. 

Divide ths sum of the values of aU the ingredients hy the 
sum efthe ingredients. 

KflpMt tills Rnli^ 



1. A wine-merchant mixed several sorts of wine, ^-iz. : 
32 gallons, at 40 cents per gallon ; 15 gallons, at 60^ cents 
per gallon ; 45 gallons, at 48 cents per gallon ; and 8 
gallons, at 85 cents per galkm. What is the value of a 
gallon of the mixture ? ^^^ 
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32 gallons, at 40 cents =$12-80 
15 ** 60 " = 900 

45 " 48 « = 21-60 

8 « 85 « = 6-80 . 

100 gallons of mixture =$5020. 

Therefore, one gallon of the mixture is worth $50*20 -r 
100 =$0-502 =50 cents and 2 mills. 
^ 2. A farmer mixed together 7 bushels of rye, worth 72 
cents per bushel ; 15 bushels of corn, worth 60 cents per 
bushel ; and 12 bushels of whec^t, worth $1*20 per bushel 
What ib the value of a bushel of the mixture ? 

Ans. $0'83|f 

3. A goldsmith melts together 1 1 ounces of gold 23 
carats fine, 8 ounces 21 carats fine, 10 ounces of pure 
gold, and.2 pounds of alloy. How many carats fine is the 
mixture ? Ans. 12^. 

It will be understood that a carat is a 24th part. Thus, 
21 carats fine is the same as f^ pure metal ; in the same 
way, 23 carats fine is ^ pure metal. 

4. On a certain day, the mercury in the thermometer 
was observed to stand 2 hours at 62 degrees, 4 hours at 
70 degrees, 5 hours at 72 degrees, 3 hours at 59 degrees, 
and 1 hour at 75 degrees. What was the mean tempera- 
ture for the fifteen hours ? Ans* 67-|-t degrees. 

5. Suppose a ship sail at the rate of 5 knots for 3 
hours, at. 7 knots for 5 hours, and' 8 knots for 4 hours. 
What is her rate of sailing during the 12 hours ? 

Ans. 6f knots. 

6. A grocer mixes 30 pounds of sugar worth iO cents 

per pound; 40 pounds worth 10^ cents per pound; 24 

pounds worth 1 1 cents per pound ; and 60 pounds worth 1 3 

cents per pound. WYiaXVa «t\yw3aw\^iN2cL^tcLmure worth? 
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ALLIGATION ALTERNATE. 

1 413. Alligation Alternate is the reverse of Alliga- 
tion Medial ; that is, it teaches the method of finding the 
ingredients when their rates are given, so that the com- 
pound shall have a given value. 

What is Alligation Alternate 1 

Suppose we wish to mix teaa, which ate worth 4 and 6 
shillings per poundj so that th6 liiixlure may be worth 5 
shillings per pound : it is olJvious that we mUst take equal 
quantities of each ; since the price of the one is as much 
less than the mean price, as the other is greater. 

Again, suppose we wish to .mix teas, which are worth 4 
and 7 shillings per pound, so that the mixture may be 
worth 5 shillings. In this case the 7 shilling tea is 2 
shillings above the average price, whilst the 4 shilling tea 
is but 1 shilling below : it vill be necessary to use twice 
as much of the 4 shilling tea as of the 7 shilling tea ; and 
in all cases it is obvious that the quantities to be used will 
be in the inverse ratio to the differences between their 
prices and the mean price. 

When there are more than two simples they may be 
compared together in couplets, one term of which must 
obviously exceed the average price, while the other must 
be less. 

The rates of the several.ingredients' being given, to 
make a compound of a fixed rate. 
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Ftom what has been said above, we draw the tA 
towiog 

RULE. 

/. Wf4t$ tk$ taUsofth^ simpUf in a column under each 
^hiTi then canned each rate of the ingredients which is less 
than the rate of the campeund^ with one or mpre rates greater 
than the rate of the compound; conned in the same toay, 
each rate which is greater than the rate of the compound^ 
.with one or more rates which are less. 

JL Write the dijferenee between each rate of the tngrs" 
•dients and the compound ratCy opposite the rate of the ingre- 
dients with which it is eonnected. If oni^ one d^erenee 
stands against any rate^ ii wHl he the required quantity of 
the ingredient of ihat rate ; hut if there be several^ their sum 
will be >the quantity required, 

Bepeat tikit Ral«. 



1. How oauch sug^arat 5, 6, and 10 cents p0r pound, 
must be mixrrl together, so that a pound of the mixtun 
may be wortu 8 eents? 



SOLimON. 




Therefore, if we take 2 pounds at 5 cents, 2 pounds at 

6 cents, and 5 pounds at 10 cents, we shall satisfy the 

conditions of the que^uon. l^t is obvious, that any other 

number of pounds wYiicYt ax&\A ^a^Ocl Q'Ccisi ^& ^^^csscvbieni 
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2f 2, and 5, will satisfy the question equally well ; so that 
in iiiliigatioii Alternate the number of solutions are tf^ 
4t^hite ; all that .we can do is to find the ratios of the quan- 
titias requiiei. 

Note. — ^In manj cases the ingredients will admit cff being eon- 
' nected in several urdys, and then we shall obtaili as many sets of 
ntios a^ there afe methods of connecting them. 

2. How maay fKnmds of raisins at 4, 6, 8, and 10 oents 
jget pound, must be toixed, so that a pound of the com- 
poiund a^j be w(Mrth 7 cents ? 

La this questi^ the terms may be connected in seven 
distinct ways; therefore, we shall obtain seven sets of 
jcatioSi as follows : ' ' 




4-^ 1+3=4 

1 
4 
3 



?j^),+i 



Lio-^ 



1 

1+3=4 

3+1=4 

1 



1+3 
1+3; 
3+1 
3+1: 



4 
4 

:4 

4 



8. How much wine, at 72 cents per gallon, and 48 cents 
per gallon, must be mixed together^ that the composition 
may be worth 60 cents per gallon % 

Ans. An equal quantity of oadh. 

4. How many galloas of wine and water must ba mixed 
logeiberi so that the mixture may be worth 60 cants ^ 
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gallon, the water being consideilid >«f no value, and the 
wine with which it is mixed being worth 90 cents per 
gallon? Ans. 2 gallons of wine to 1 of water. 

5. Having gold of 12, 16, 17, and 22 carats fine, what 
proportion of each kind must I take, tp mate a compoimd 
of 18 carats fine? Ans, 4^ 4, 4, 9. 

6. It is required to mix different sorts of grain, at 56, 
K, and 75 cents per bushel, so ' that Ihe mixture may be 
worth 60 c^ts per bushel. How Aich of each kind must 
betaken? Ans. \7,4,t. 

* Besides the variety of answers whichs^ay be obtained 
by connecting ihe simples differently, an infinite number 
Q# solutions may be found, ^y combining the difiefent 
ratios, as we will illustrate by the aid of the following 
question: t 

7. How much tea at 5 shitings^ 6 shillings and 8 shil- 
lings j>er pound, must be mixed so that the mixture may 
be worth 7 shillings per pound ? 

If we compound only the 5 and 8 shilling teas, we 
must take them in the ratio of 1 to 2, sipce 7 shillings is 1 
shilling less than 8 shillings, and 2 shillings greater than 
5 shillings. Hence, any one of the compounds in the fol- 
lowing gro«]^ (A,) will be worth 7 shillings per pound. 

(1) (2) (3) (4) (5) (6) 

5 shilling te^ V 2 3 4 5 6, &c. 

8 shilling tea 2 4 6 8 10 12, &^. 

Sums, 3; 6; 9; 12; 16; 18;&c.J 

If ire now mix the 6 and 8 shilling teas, we see that it 
will1S)e» necessary to take equal quantities of each, since 
the average price is to be as much above 6 shillings as it 

18 below 8 shilUngE. \\ex\^^^\V^ ^Ci\Ss2w\\v^c.Qmpound will 

also be worth 7 sViWVmga pex ^x«A\ 



(A.) 



H^y 
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' (1) (2) (3) (4V (5) (6) 

^ 6 shilling tea 1 * 2* 3 4 5 6 &c. 

8 shilling tea 12 3 4 5 6 &c. 

Sums, 2; 4; 6; 8; 10; 12; Ac. J 

Now, it is obvious, we ii[iay combine any one of these 
last results with any one of the former results. Thus, if , 
we combine (1) of group (A)i with (1) of (B) we have 

^ Pounds. 

5^'shilling tea ... 1 

6 /<' "... 1 ' 

'8 « « 2+1=^3 

If we combine X I) of (A,) with (2) of (B,) we have, 

Pounds. -j^ 

5 shilling fea ... 1 

6 " « . . . 2 
• ' '8 « « %+2=,i 

Combiiiing («) of (A,) wi^h (3) of (B,) we have, 

Poiinds. ♦ 

5 shilling tea . . .2 

6 « «... 3 

8 " « 4+3=7 ^ 
Combining (5) of (A,) with (4) of (B,) we have, 

, Pounds, 

5 shilling tea ... 5 .^' 

6 " « . ^ . 4 
8 " '« 10+4=14 

The ^number of combinations which could be . made in 
this way is unlimited : hence, the above class of questions 
in Alligation admit of an infinite number of answers. 

,' ' ■ ' ■ ,». 

CASE U. 

When one of the ingredients is limited to a cettaibx 
quaDtitjr. 
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1. A pereon vishes to mix 10 bushels of wheat, worth 
$1 per bushel, with rye, worth 70 cents per bushel, and 
oats worth 30 cents per bushel, so that the mixtiue may 
be worth 60 cients per bushel. How many bushels of rye 
and oats must he use? 

Proceeding, acc(»ding to Case L, we find the piopof- 
tionate numbers to be 30, 30, and 50. Hence, 

30 : 30 : : 10 : IQ 
30 : 50 : : 10 : 16f. 

So that he must make use of 10 bushels of rye, and 16} 
huBhels of oats. -Hence, this 

rule: 

Find the proportionate quantities of each ingredimU^ hf 
Case L^ in the same manner ast hough there was^ no limiUt 
turn; then J as the difference against the simple whose quan- 
^y ^ gi^>^ ^ to each 'of the other differences, so is the given 
quantity of that simple to the quantity required of each of 
the other simples. 

tapeat thit Rvle! 

2. A grocer has 90 pounds of tea, worth 90 cents per 
pound, whiclwhe wishes to mix with thtee other qualities, 
valued at 80 cents, 70 cents, and 60 cents per pound. 
How much must he take of these three kinds, so as to be 
aUe to sell the mixture at 85 cents per pound ? 

Ans, 10 pounds of each. 

3. A merchant has 90 pounds of spice worth 86 cents 

per pqimd, which he wishes ^o mix with three other sorts 

which are worth 30, 40, and 50 cents per pound, re- 

s/iecdveljr. How many ]^unds must be used so that the 

coznpound may be wotiYi 55 ceivX'& "^t ^^x^A^ 



MENSURATION. 



9S» 



MENSUBATION. 



]4S« For the reasbn of many of the rules which 
we shall give for measuring surfaces and solids, we shall 
lefer to the principles of geometiy. The reference being 
in all cases to the ** Elements of Geometry." 

Pbqb^eic 1,-— To find the area of a reepingh. 

Suppose A BOD to ] 
be a rectangle ^hose 
length is 5 feet, and , 
width 3 feet. 

If we divide . this rect- - 
angle into portions of 
one square foot each, by means of lines drawn jparallel to 
the sides of the rectangle, we shall obtain 15 such squares ; 
that is, the rectangle will contain 15 square feet. In this 
example there are 3 strips of 5 square feet in each, or 5 
strips of 3 square feet .each. So that the number of 
square feet is found by multiplying the number pf feet itk 
length by the numbe): of feet in width. . 

Hence, to find the area of ^ rectangle wp have this 



RiULE; 



Mukqtfy tktkngtk by the widths and the product wiU d§ 
note the number of squares of the safne hind as the measun 
used m estmating the sid^ ef the rectangle. If the sides 
rf the rectangle are measured in/eet^ tJM ^o&uc^^e^ >i«>^ 
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square feet ; if in inches^ then the product wiU be square 
inchesj (B. lY. Prop, n, Scholium.) 



^ioTi. — ^When the width of the rectai^le 
is the same as its length, it becomes a square, 
in which case we multiply the side of* the 
square into itsel£ , 




1. How many square feet in a floor which is 16 feet 
wide and 231- feet long ? And how many yards of car- 
peting, one yaid wide, will cover the floor ? 

23^ X 16 =376== the number of square feet. 

Since in one squajre yard there are 9 square feet, we find 
876-^9 =:41-{-=:the number of yards of carpeting required. 

2. In a table 5 feet 3 inches long, and 3 feet 2 inches 
wide, how n^ny square inches ? And how many square 

feet ? A ^ ^^^ ^' ^"^^^^• 

' t 16f sq. feet. 

3. In a rectangular field which is 13 rods long, and 7 
rods wide, how many square rods ? And what part is it 
of an acre? ^^ C 91 sq. rods. 

4. How many square inches in a square board \0i 
inches on a side? Ans. 1 \0\ sq. inches. 

5. Which is the greater, a square board of 9 inches on 
a side, or a rectangular one 12 inches long and 7^ wide? 

r The rectangular piece.'. 
An^ . < <;oi^^^(^B 9 square inches 
f more than the square one. 
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' P&OBLEM II — To find the area of a paraUelogram. 

Let A B C D be A 

parallelogram kaving 
A B for its base and 
D£ its altitude. If 
from G we draw C F - 
perpendicular to the 

base A B, meeting it, produced at the point F, the figure 
E F C D will be a rectangle equivalent to the parallelo- 
gram, since the triangle A E D is obviously jqual to the 
triangle BF C. The base E F of the rectangle is equal 
to A B, the base of the parallelogram. The area of the 
rectangle is found (Prob. L) by multiplying the base by 
its altitude, and since the parallelogram is equal to the 
rectanigle, and since its base and altitude are respectively 
equal to the base and altitude of the rectangle, it fdlows 
that the area of the parallelogram may be found by mul- 
tiplying its base by its altitude. 

Hence, to find the area of a parallelogram, we have 
this 

RULEv 

Multiply the base by the altitude. 

NoTB. — This role includes the rale under the last problem for 
^dlng the area of a rectangle or square. It is not therefore nece*- 
lary to add any new examples under this problem. 

PTLGBhEM llL-^To find thi area of a triangle, 

Xi0t A B G be a triangle, having A B for its base and 
D its altitude. By drawing C IS4 ^^x^t^ \.t^ ^^^^ \msfeKi 



828 
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A B^ and B E parallel 
to the 9ide, A C, we 
•hall form a parallelo- 
gram A B E C,, evi- 
dently double the tri- 
angle ABC. The area 
of the parallelogram is foimnd (Prob. II,) by multipl3rii^ 
the base A B into the altitude C D. And a3 the triangle is 
one half the parallelogram, its area may be found by this 

EULE. 



MvUiply half the h€ise hy the aUitude, 

NoTB.— Either side of the tri- 
angle ma^rbe regarded as the 
base, and the altitude will be the 
perpendicular drawn from the 
opposite anj^e to the base, or 
lo the base produced. In the 
annexed diagram, the perpen- 
dicular meets the base produced. The above rule applies equally 
well in this case, the area being found by multipljring half the bass 
A B hitc D. 

When the three sidee of a triangle are known, the area 
amy be found by this second 




itULE. 

From the half sum of the three sidesj subtract separately 
each sidey take the square root of the cantinaed produ^ of 
the three remainders and half sum^ and it wiU give theorem. 

Note. — For a demonstration of this second rule, see Qeomstiy, 
B. IL Prop. IX. 
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1. What is th^ &re^ of a triai)gle whose base is 12 leet, 
and altititda 3 jaids ? 

' 3 yards =9 feet. Theief(»e -j^ of 12 x 9 =54 squace feetf 
or 6 aquaiB jraidsfcHT the area. 

2* What 18 the area of a triangle whose sides are »- 
cpectively 7» 11 and 12 feet? 

SOLXniOR. 

irf(7+ll+12)=15 15x8x4x3=1440. 

15-n^ 4 '/1440=12-/10=37^5 nearly. 
15—12= 3 Hebce the area is 37-95 sq. feet. 

3. What is the area of a triangle whose base is 14 rods, 
and whose altitude is 12 rods ? Ans, 84 aq. rods. 

4. What is the area of a triangle whose sides are re> 
apectively 13| 1^4 and 15 yards ? Ans. 84 sq. yards. 

5. In a triangular field whose sides are 1 8, 80 and 82 feet, 
how many aquare yards ? Ans. 80 sq. yards. 



The area of any figure 
whieh is limited by any num- 
ber of right lines, as the field 
ABODE F, may be found 
by** dividing* it into triangles, 
and then computing each tri- 
angle separately^ and taking 

ttiMraum. ' 

. 28* 




i 
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PjiOBLEH IV. — To find the area of a trapezoid. 



Br-— • 




Let A BCD be a trape- 
zoid having A B and C D 
for the parallel sides, C F 
for its altitude. If we 
draw A C it will divide the 
trapezoid into two triangles ABC, CD A. The area of; 
the triangle ABC may be found (Prop. III.) by multi- 
plying half the base A B into the altitude C F ; and the 
area of the triangle CD A is found by multiplying half 
the base CD into the altitude AE, or into its «^ual OF. 
Hence the area of the trapezoid, which is the sum of the 
two-triatigles, may bfe found by the following 



RULE. 

* Multiply half the sum of the two parallel sides by th$ 
akitude. 

This rule has a fine 
application in measur- 
ing a tapering board, as 
ABCD. In this case 
half the sum of the par- 
allel sides, AD and BC, is found by measuring the width 
GH at the middle of the board. This average width, 
G,H, being multiplied by the length EF will give itt 
area. 




EXAMPLES. 



1. If the parallel sides of a trapezoidal ^asden are re 
spectively 4 and ^ lod^^ «xA \Jftft ^x^xvdicular distance 
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between these sides is 8 rods, how many square rods in 
the garden ? . ( 40 sq. rods, or just 

( -J- of an acre. . 
2. How many square, feet in a tapering board 16 feet 
long, measuring 15 inches wide at one end, and 10 inches 
at the other? ' Ans. 16f sq. feet. 

Paoblgm V. — The diameter of a circle being given to find 

its circumference: 

If the diameter of a circle is taken as a un.t, the cir- 
cumference will be 3-14159265, nearly, 'fhe exact value 
of the ratio of the circumference to the diameter has never 
been found. Its approximate value has been extended to 
more than 200 places of decimals. (Geometry, R V, 
Prop.' XIV, Scholium.) 

Henc(\, when the diameter of a circle is known, its cir- 
cumference may be found by the following 

RULE. 

Multiply the diameter 5y 3*1416. 

Note. — In the Higher Arithmetic, under Continued Fractions, 
we found some of the approximate values of this ratio to be 3, ^i^*, 
f ?wt ?f I. &JC. This last value of Jf | is true to fsix places of deci- 
mals. It may be easily retained in the memory by observing that 
if the first three odd numbers, 1, 3, 5, be duplicated, they will stand 
1 13355. Now the first three figures give the denominator, and the 
other three give the numerator of the ratio. 

ExABiPLE. — What is the circumference^of the earth, on 
the supposition that it is 8000 miles in dimeter? . 

Ans. 31416x8000=25I32-8 miles, nearly. 



332 BLBMSNTABY AaiTHMBTIO. 



PaoBLBM YI.r— Tp find the area of a weUy wksn Us A 

ameter u hnmen. 



RULE. 

Multiply the eireumferenee by onefaurih of the diameter. 
Or, what ie equivalent^ multiply the equate of the diameter by 
0-7854=-J- 0^31416. (Geometry, B. V., Prop. XL) 



Note. — If a circle be inscribed in a square, 
^ts area will be to the area of the sqoare, 
as 0-7854 is to 1. 




1. How many acres in a circle one mile in diameter? 
In a square mile there are 640 acres, tberefoie in a cir> 

cle one mile in diameter there are 

640 acres x 0-7854=502-656 acres. 

2. Which is the greater area, a circle 5 feet in diameter, 
or the sum of the areas of two other circles, the one being 
4 feet in diameter and the other 3 feet ? 

{The first circle is equal 
in area to the sum of the 
fOther two. 
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From the above rule we 
may deduce a simple meth- 
-rA of finding the aiea coin* . 
prised between the ciroum- 
ferences of two concentric 
circles, which «iea is the 
difference between two cir- 
cles. 

The area of the circle 
whose diameter is A B, is found b j multiplying its square 
by 0-7854. And the circle "whosie diameter is D £, is 
found by multiplying the square of this diameter by 0-7854. 
Hence, the difference of these areas is equal to the diffe^ 
ence of the s^uar^ of the diameters multiplied by 0*7854. 

Problem VII.— -To find the solidity of a prisma or of a 

eyUnder. 

RULE. 

Multiply the area of the base by the altitude. (Qeometiy, 
a VIL, Prop. XL) 



1. How many cubic feet in a rectangular stick of tim- 
ber 10 inches by 12 inches, and 36 feet long? 

10 inches =:f- of a foot, which is the fractional part of 
a square foot for the area of the end. 

f X 36=30=number of cubic fe^t. 

2. In a cylindrical ^ 14 feet long, and 14 inches ia 
diameter, how niany cubic feet ? 
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14 inches = 1^ feet=3f of a foot, 
f Xf x0'7854=l'069 square feet for areia of end. 
1 069 X 1 4 = 1 4-966 cubic feet. 
3. How many cubic inches in a round bar of iron, 20 
feet long and f of an inch in diameter? 

Ans. 106029 cubic inches. 

Problem VIII. — To find the volume of a pyramid^ or of a 

cone, 

RULE. 

Multiply the area of the hose by onc'third the altitude, 
(Geometry, B. VII., Prop. XVIL; a,nd B.%III. Prop. V.) 



EXAMPLES. 

1. The Egyptian pyramid, Cheops, covers a square of 
7631 feet on a side, and is 480 feet perpendicular height. 
How many cubic feet does it contain ? 

, ' Ans. 93244729f cubic feet. 

2. Suppose the mast of a ship to be af regular cone 87 
feet long, and 2 feet in diameter at its base, how many 
cubic feet will it contain? Ans, 91*1064 cubic feet. 

Problem IX. — To find the surface of a sphere^ when its 

diameter is given. 

RULE. 

MulHjAyi the square of the diameter by 3* 1 4 16. (Geometty, 
B VIIL, Prop. Xlll.^c\io\>^ 
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eXAHPUSS. 

1. How many square miles on the surface of the earth, 
on tlie supposition that it is an exact sphere of 8000 miles 
in diameter? 

Ans. 8000x8000x31416=201062400 square miles. 
In order to obtain a value |rue to a unit, we must use, 
for our multiplier, 3' 141 59265, instead of 3*1416. 
Using this more accurate value, we find the 

Ans, 201061930 square miles, nearly. 

2. How many superficial inches has a ball 6 inches in 
diameter? Ans, 113-0976 square inches. 

Problem ^,-^To Jind the volume of a sphere, when its 

diameter is given* 

RULE. 

Multiply the cube of the diameter by 0*5236, tphich is ^ oj 
31416. (Geometry, R VIII., Prop, XIII. Schol.) 

1. How many cubic inches in a ball 6 inches in diameter? 

iln^. 6x6x6 x0-5236= 113-0976 cubic inches. 

Note. — Comparing this Example with )Sxample % under Ust 
Problem, we see that the number of superficial inches and cubie 

inches are equal in a sphere of 6 inches in dialneter. 

K-> ■ •■ ' - .■--.,. 

2. How many cubic inches in a ball of the celebrated 
Stockton gun, the diameter of which is 12 inches? 

Ans, 904-7808 cubic inches. 
The following table of multipliers will be found very 
convenient for solving nearly ail problems which can arise 
in mensuration of circles and spheres. 



11 
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TABLE OF VULIIPUIBa 

h Radiot of ft ciTcleX6'M31853|=Citoamftranoa. * 

'% Bquan of the ndiw of ft eireleXS'MUHMMiSBsAnft. 
a. DiaoMlar of ft e»BklX3'14159985Eqpire«inf6reBc«. 

4. Squftre of the dmroeter of ft ciroleXO'7B5396103;Anft. 

5. Ciranrnferaaee of ft eircleX0'15»1549^=:Rftdini. 
C OiretunftfMMOof ft •fteleXO'3183poeBtsDiftiiieter. 
7. Bquftift root of ftiVft of ft eircleXO'5641805fe=Badiaf. 
& Sqaftie root of ftreft of ft circ)eXl'i3637917=Diftineter. 

«. Rftdioi of elieleXl'78aOSfl61sx<lide of insoribed eqailftteml triaaglt 

10. Side of insorilied eqQilaterftl triftiigleX0'57735037=RadiiB of cinki 

11. Bodiut of ft eireleXl'4142135S=Side of inuribedMiiiftie. 
VL Bide of imeribed sqiiftreX<i^70710678i=Rftdliu. 

IS. BqftftTS of vftdiw of ft iphefeXlS'M637061=3flarfftoe. 

14. Cube of radius of ft spherex4'lfi8790S0=yolume. 

15. Square of dlftmeter of ft ipherax3'14180SM5E=Surfft(Be. 
10. Cube of diameter of ft iphereX^58350e78=sTolume. 

Vt, aqoftva of eiieanfertooe of a ■pberaXO'3I830WOb^orfhee. 

18. Cube of eirenmferanoe of & tpiierexO'A16880eQc=VoIttiiM. 

19. Sqoaie root of iurfaee of a sphere xO'^Si8900f79!=Badius. 
90. Square root of iurfaee of a ipbereX0*56418&58=:Diftiiietor. 

81. 8qnftrarootofsurfftoeofasphereXl*'n945385=sCireuaileraoee. 
fBL Cube root of volpme of a ■pherexO'09035049=Radini. 
93. Cube root of Tolume of a •phereXl'SM'TOOOSbsDiaiiieter. 
fl. CHibe root of vohime of a sphereX3*8Vn7JIV/=rCireoaiftMiMM. 
S5. Badiot of a ■phereXl-lM7QQ54ssSide of iaMrihed cob*. 
98. Side of inwribed ettbexO-8660S540=Radioi. 

Peobi^m XL — To find the volume of a frustum ofaffm^ 

mid, ot of a cone. 

RULE. 

' ■ ' ■ .■ 

Find a mean proportional Between the area of the tw$ 

bases, id Which add the sum of the hases^ and mudtiphf tks 

result b^ one-third the altitude of the frustum. 



J. Suppose a cislem *m \\ve \(^tav ^^ fcuBtum of a 
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oone, to be 9 feet deep, having for diameten 8 feet and 
feet. How many cufa^c feet will it contain? 

1(M X 07854= 100 X 07854=area of one base. 
e« X 07854= 36 X 7854= « other " 

60 X 07854— \ "^*^ proportion between 
^ I bases. 

196x07854=8um. 

' And i96x07854xi of 9=461-8152 cubic feet, for its 
volume. 

^ Suppose a measure to be in^he form of a frustum of 
a regular cone. If its top diameter is 6 inches, and the 
bottom diameter 9 inches, and it is 12 inches deep, how 
many cubic inches will it contain? and how many beer 
gallons of 282 cubic inches each ? 

{ 537-2136 cubic inches* 
^^' I 1-909 beer gallons. 

Peoblbk XIL — To find th& are& rfan ellipse. 



A 




NoTB.^A line drawn thnragb 
the cenim of an ellipse is called 
its diameter. The longest diam- 
eter is called the trtmsvene diam- 
eter; the shortest is called the 
oimpkgaU diameter. Thos AB is 
the transverse diainetcr, and CD 
is the conjugate diameter. 

The aiea of an ^dlipee may be found by ttds 

• ■ 

M^Uifip the fmiiu$ ef A$ tnmmmm and cmifug^ 
4iapMMr# iy 07854 
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1. How many square feet in the siirfaoe of ma elliptical 
pond, whose tzaDsverse diameter is 100 ^feet, and conju- 
gftte diameter 60 feet ? 

Ant, 100x60xO-7854=4712-4 square feet. 

2. How many square inches is an elliptical table whose 
transverse diameter is 5 feet 3 inches^ and conjugate diam- 
eter 3 feet 6 inches 1 And how many square feet ? 

( 2078' 1684 square inches. 



Afis. 



14-4317 square feet 



Note 1.— -If an ellipse be in- 
leribed in a rectangle, its area will 
be to the area of Uie rectangle as 
0-7B54 is to 1. 

Note 2.— We also infer that, if a 
eircle be inscribed in sui ellipse^ 
and another circle be circumscribed 
about the same ellipse, the ellipse 
is a mean proportional between the 
areas of the two circles ; that is, wq 
shall have, area of inscribed circle 
is to the area of ellipse, as area of 
ellipse is to the area of circiun- 
scribed circle. 




PROMISCUOUS QUESTIONS. 

144I. 1: Suppose i purcs^ade 91200 worth of goods, f 
of wliich is on a cto&vX 0|i ^ tctf^xi^^^^ \ ^tv a credit of 6 
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moQllifl, and the remaining -I on a credit of 9 montha 
How much ready money oug;ht to payjhe purchase, in? 
toest being 7 per cent. ? Ans, $1 159*64, nearly. 

2. In the abcire example, by the principles of equation 
of payments^ how much credit ought I to have on the 
whole sum of $ i 200 ? Ans. 6 months. 

3. Now, what Isthep^sent worth of 9^00 due at, the 
end of 6 mpnth^, interest b^g 7 per o^dt. ? 

Ans. #1159*42, nearly. 

4. I employed A and B to ditch my meadow. A was 
to receive ^7-}- cents per rod, and B was to have 112^ 
cents per rod; each lyrought until his wagesi amounted 
to ^50. Wh£^ was the amount of ditch disg hy both 9 

Ans, 101«. 

5. Three merchants,. A, B, and G, enter into partner- 
ship. A advances $1200, B $800, and C $600. A leaves 
his money 8 months, BIO months, and C 14 months in 
the business. They gain $500. What is the share <rf 
each? • 

FA receives $184-^. 

Ans.iB « 153H. 

to " ♦ leitV. 

6. A and B have the same income; A saves ^ of his; 
bit B, by spending $120 per annum more than A, at the 
mid of 10 years finds himself $200 in debt. What was 
ihe income ? Ans. $500. 

7. Suppose a book to contain 365 pages, averaging 40 
lines of 10 words each on each page. Howm^ny words 
would the book contain ? Ans. 146000 words. 

d. There are 31173. verses in the Bible; how many 
days will it require to read it thiou^, if 30 verses are 
read daily? . Ans. 1039^ da^s. 
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9. Aft«r expending f of my money, «nd i of theie 
iiuuader, I bad Mmaimng 972 ; how much iiad I at fifst f 

!0. If I veil cloth at $1-50 per jaid,and gab 25 per 
cent, hov ought I to have sold keo ifts tolose 20 per 
cent. T Am, $0^96. 

11. Sold cloth at 11*50 per jard, and gained 25 per 
cent What i^ould I have kwt per cent^, if I had sold it 
at #Q-9& per jmrd ? Ans, 20 per cent. 

12. If I buy eloth at $1*20 per yard, how must I sell it 
io as to l^in 25 per cent. ? Ans, $1*50. . 

18. A merchant has to make the following payments at 
th^ diflfotent periods : $28a2 in 8 months, $2560 in 9 
months, and $1450 in 16 months. The creditor wishes to 
receive the whole sum of $6842 .at onca When ought 
the payment to be madd 1 Ans. In 8 nionths. 

14. A father gives to his five sons $1000, which they 
are to divide according to their ages, so that each elder 
son shall receive $20 more than his next younger brother. 
What is the share of the youngest ? Ans, $160. 

i5. A company of 90 persons consists of men, women, 
and childrin The men are 4 in number more than the 
women, the children 10 more than the adults. How many 
men, wom^ and children, are there ip the company? 

r 22 nien, 
Ans. ^ 18 women, 
(50 children. 

16b Thp common school ftmd for the state of New- York 

was $1975093' 15 in 1843, and during the same year 

thefs were in the state, 677995 children between the ages 

of 5 and 16 years. How much would the above fund 

amoum to per sclnolai'l A.ut. $2*91^ ne^ly. 
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17. The wj^e number of voluaies in the crnxm^m 
school lilnaried of New York, in 1843, waa 8748^ 
Whftt would be thw ¥alu6 at 37i oenta per volume ? 

4iw. ♦328074-37+. 

18. The whole^ number of children taught in N. Y. 
during the year i84&, was 657782, and the whole number 
of schools was 10860. How man jschoU^^ on an average 
would each school consist of? Ans- Between 60 and 61. 

19. Suppose the Erie canal to be 60 feet wide, and 6 
feet deep ; how many miles in length will it require to 
tnake one cubic mile of water? Ans. 77440 miles. 

20. A person owning f of a copper mine, sells f of his 
interest in it for j^l800. What, at this rate, is the value 
of the whole? Anf, $iOOO. 

21. Suppose I buy a certain lot of oranges at 3 cents 
apiece, and as many more at 5 cents apiece, and sell them 
at 4 cents apiece; do I gain or lose by the operation? 

Ans. I neither gain nor lose 

22. Suppose I buy a certain number of oranges at 3 
for one cent, and as many more at 5 for one cent, and sell 
them at 4 for one cent; do I gain or lose by the operation ? 

rl lose ^ of a cent on each orange. 
Ans. < If the whole number of oranges 
V was 60, 1 should lose one cent. 

23. Suppose I expend a certain sum of money for 
oranges at -i-of a cent, apiece and another ^ual sum 
for another lot of oranges at + of a cent apiece, and sell 
them at-} ofactafHec^ do I gain or lose by the operation ? 

Ans, I neither gain nor lose 

24. Suppose I expend a certain sum of money for^xoiia* 
ge^ at.3 cents apiece, and another equal sum for anothet 

29* 



Ans.-i 
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lot at 5 cents apiece; how much do I gain on «ach cent 

expended, if I sell them at 4 cents apiece I 

I gain -^of A cent on each cent 
employed in the purchase. If 
the whole sum employed was 15 
cents, I should gain 1 cent. 

25. If A can do a piece of work in 3^ days, B in 4 days, 
and C in 6 days, how many times longer will it take B to 
do it alone, than it will take A and C together to do it ? 

Am, 2-iV times. 

26. If A can accomplish a piece of work in -J of a day, 
B in •}- of a day, and C in -J- of a day, how taany times 
longer will it take B to do it alone, than it will take A and 
C together to do it ? Ans, 2 times. 

27. What is the shortest piece of cloth which shall be 
at th^ same time^ ah even number 6f yards, an even num- 
ber of Ells Flemish, an even number of Ells English, and 
an even niunber of Ells French ? 

^11^. 60 quarters=: 15 yards. 

28. A man died, leaving $1000, to be divided between 
his two sons, one 14, and the other 18 years of age, in 
such a proportion, that the share of each being put to in- 
terest at 6 per cent., should amount to the same simi when 
they should arrive at the age of 21. What did each one 
receive ? 

Since the shares^ of each would amount to equal sums 
when they should come of age, it is obvious that they 
must have been to each other reciprocally as the amount 
of $1 for the respective times 7 years and 3 years. The 
amount of 91 for 7 years at 6 per cent., is $1*42. The 
mmoimt af $1 for 3 yeaxB ^X ^ ^t <sent..^is f 1*18. Hence, 
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thei^poitions wemas 118is Id 142|Or as 59 to 71. !%• 
fiiun of these nombexi^ is 1 30. Therefore, 
The younger must have -ff^ of $1000 =$453-846, nearly. 
The elder must have iVtr of $ lOOOrr $546- 1 54^ nearly. 
W. Divide $100 between A, B, and G,60 that B may 
have $3 more than A, and C $4 more than B. How much 
must each one have ?^ rAhas$30. 

AiwJ B « $38. 
LC « $37. 

30. A can do a piece of work in 4 days, and B can do 
th^ same in 3 days. How long would it take both to- 
gether to do it ? ^8*. H days. 

31. A pecson wishes to dispose of his horse by lotteTy. 
If he sells the tick^ets at $2 each, he will losie $30 on his 
hoise ; but if he sells them at $3 each, he will receive $30 
more than his horse cpst hinn What is the value of the 
horse, and the number of tickets ? 



^ { Value of horse, $150. 
"^* I No. of tickets, 60. 



32. Thomas sold 150 pine-apples at 33-}- cents apiece, 
and received the same amount of money that Henry did 
for water-melons at 25. cents .apiece, llow much money 
did each receive, and. how many melons did Henry seU ? 

Ans. Each received $50, and Henry sold 200 melons. 

33. A man bought apples at 5 cents a dozen, half of 
which he exchanged for pears, at the' rate of 8 apples for 
5 pears ; he th«n sold all lus apples and pears at a cent 
apiece, and thus gained 19 cents. How many apples did' 
he buy, and how mi^ch did they cosi ? ^ 

Ans, 48 apples for 20 cents. 

34. A person etpended $23*40 for eggs. With (Hie 
half of his money he purchassid a lot at 13, cents per doz- 
an; with the other half of Yua inaTiC3\i<^^\aOcL^^'<b^^^^ 
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loC at 9 cents per dozen; ife ftfterwosd^ aold diem ftU t6> 
getber at 1 1 cente per doz^. Did he gain or lose 1>7 the 
opeftttionf Ans. He gained ^0 cents. 

85. Divide tl200 between A and B so that A's share 
may be to B's as 2 ta 7. ^ ^^ (A has »266f. 

^' I B has •933+. 

36. A geHtliBman, spends f of his yearly income for 
board and lodging) f of the remainder for clothes, and f 
of the lesidiie he bestows for charitable, purposes, and 
saves $100 yeaiiy. What is his inooine ? 

. « i4iw.f2700. 

37. If I buy an article for $4, and sell it for 95, how 
much per cent do I gain? Ans, 25 per cent. 

88. If I give 95 for an article, and sell it for $4, how 
much per cent, do I lose^ Ans. 20 per cent 

39. What is the interest of #175 for 3 months, at 6 per 
cent.? ' Art*. $2-625. 

40. How many yanis of Brussels carpeting, which is f 
of a yard wide, will it require t6 cover a floor 18 fe^t by 
20 feet? ^iw. 53+ yanis. 

41. Admitting the velocity of a cannon ball to be 1600 
feet per second, what tiine, at this velocity, wbuld it require 
to move 95 millionB of miles, which k the distance from 
the eartS to the sun, counting 365-}- days to the year. 

Ans, 9+lfH years. 

42. The Winchestw bushel measure is of a cylindrio 
fontky 8 inchito deep^ and 18+ inches in diameter, containing 
1^1 50f cubic inches. What must be the side of a cubical 
box which shall contain the same quantity? 

The cube root of 2150|=3^ift-907, nearly, for the length 
of a Side, in inches. 
43. Thfe olocks of ItW^Vfji'iciu \ft^^>MawaJefc% W^a. bow 
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flftan^ Mtxdm do tbey atiUie intone i«V0hilkm of the 
index? . Ans. 300. , 

44. There is an island 20 miles in circumference, .and 
tbx^e men, A, B, and C, Bta];t from the same pokvt, and 
trayel the same way dbout, it ; A goes 3 miles p«r hour, 
B goes 7 miles per hour, and C goes 1 1 miles per hoiir. In 
what time will thejr all be together ? 

Since B gains on A 4 milesi each hour, he will overtake 
him when he has gained the entire circumference ; that is, 
A and B will be together at the end ef every 5 hounk 
Again, since C gains on B 4 miles each hour, h0 will 
overtake him when he has gained the whole circumfeirence ; 
that is^ 3 and C will he together at the end (^ every 5 
hours. Consequently,' they will all be to^therat the end 
of every 5 hours* 

45. What is the discount of $175 for 3 ii^timthsi at 6 
jpet centft Ans, $2*586. 

46. If a ship and its cargo is worth $30000, and the 
cargo is worth 5 times as much as th^ ship, what is the 
value of the cargo ? Ans, $25000. 

47. What is the difference between six and one half 
times 7, and seven and pne half times 6^ Ans^ jt* 

48. Three persons, A, B, and C, form a l^artn^rship ; A 
furnishes $1000, B $600, and C $450; at the end of 6 
months, C withih^ws his capital, but no divided is made 
until the end of the year,, when, it is found that the firm 
has gained $244* 16* How is this gain to be divided be- 
tween liie partners ? ; > ' 

rA has H of •244a63:$133-79- 
V Ans. < B hasyfi of $244;16s=$ - 80^-27-H 

l C has ^y-of $24416=^;$ 30^10 + 
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49. Three persoBs, ^ B, and O^ engage to build a ce^ 
tain piec; of wall for 9244' 16. While A can build 10 
nxls, B can build but 6, and C but 4^. 'When the wall is 
half complete^, C ceases to labor upon it, and A and 6 
jBoiiphit. What partof the $2f44'16ought each to receive? 

{A ought to have $135-85. 
B ^ « "^ $ 81-51. 
C « « « $ 26-80. 

50. A and B tog^her can build a wall in 4 dajrs, A and 
C can togethef build it in 5 days, B and C can together 
build ^t in 6 days. What time would it require for all 
together to accomplish it ? 

A and B can in one day build -J- of itzz-J-J- of it. 

AandC « «>« « ^ i of it=i^of it. 

B and C « " « *< « * i of itt=H of it 
The sum of these fractions, ■H-4-H4-Ht=f^, is evi- 
dently twice the fractional part accomplished by all in one 
day. Hence, they cdl would in one day accomplish •}- of 
ffr=-f^; consequently, in -V^f^rrrS-ifr days, they wpuld 
finish it. 

50. Anoteoff 10000 given JAn. Ist, 1840, has received 
the following indofsehxents : Janttary 1st, 1B41, indorsed 
•2952-28, Janu'ary 1st, 1842, indorsed' f2952-28, January 
Ist, 1843, indorsed $2952*28. How much remained due 
January Ist, I844yintexest being com^ted at 7 per cent? 

Ans, There wais due •2952-28. 

51. Two hunte% A and B, kill a deer, whose weight 
they are desiroua of knowing. For this purpose, they rest 
a stick across the limb of a tree ; then suspending the deer 
at the shorter /extremity, they find that its weight is just 
counterpoised by the weigllt of A, who suspends himself 

by his hailds at the olYiei cx-Uesxiw.^, ^^^^^aK&Cihanging 
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the pdnt of eiipport of the stick, )^ej take the deer from 
the shorter extremity and suspend it at the longer ex- 
tremitj of the stick, when it was found to be exactly bal- 
anced oy B's weight, when suspended at fhe shorter 
extremity lof the stick. Now,'Bupposirig A to weigh 147 
pounds, and Bto weigh 192 pounds, what must have been 
the weight of the deer? 

By the principle of the lever, we know that when dif- 
ferent weights at its extremities balancie eaoh.other, they 
are to each other inyers^ly as the length»of the arms to 
which they are attached. Hende, in the first experimeat, 
we know that the weight of A is to the dear's weight, as 
the shorter arm is to the longer arm. In the second experi- 
ment, the deer's weight is to B's weight, as the shorter 
arm is to the longer jirm. Consequently, A's weight is to 
the deer's weight, as the deer'is: weight is to B's weight ; 
that is, the deer's weight is a mean proportional between 
A's weight and B's weight. Therefore, if we multiply 
the number of pounds which A weighed, by the nuinber 
vof pounds which B weighed, and extract the IsqiUlira 
root of the product, it will giye the weight of the deer in 
ix>und& 

147 X 192=:28?24. 

■ V28224=168 the weight of the deer in pounds. 
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